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INTRODUCTION 


The 1989 MOS Memory Data Book from Texas Instruments includes complete detailed specifications on 
the expanding MOS Memory product line including Dynamic Random-Access Memories (DRAMs), Single-In- 
Line Package DRAM Memory Modules (SIPs), Video Random-Access Memories (VRAMs), First-In First-Out 
Pseudo Static Memories (FRAMs), Erasable Programmable Read-Only Memories (EPROMs), and MOS one- 
time Programmable Read-Only Memories (PROMs). Also included are military specifications for DRAMs, 
VRAMs, EPROMs, and Static Random-Access Memories (SRAMs). This is TI’s first MOS Memory data book 
to include specifications for the VLSI Memory Management products. 


The data book is divided into 13 sections. Section 1, General Information, includes the table of contents, 
an alphanumeric index for quickly finding device numbers, a part number guide with ordering information, 
plus device selection guides, product reference guides, and an IC Line-up chart for a quick overview of the 
broad Tl MOS Memory product line. Page numbers are included on the product selection guides for easy 
access to the detailed specifications. In Section 2, an Alternate Source Directory lists alternate vendor part 
numbering examples in addition to alternate sources to TI devices (based on published data). Product 
specifications for over 100 devices can be found in Sections 4 through 8. 


Recently published technical articles and product applications information can be found in Section 9. For 
the first time, a section on Quality and Reliability (Section 10) has been included in the T| MOS Memory data 
book. Because all MOS Memory devices are ESD sensitive, handling guidelines are included in Section 13. 


The data sheets within each section are in alphanumeric order; Product Preview information is included at 
the end of the section. Data sheets listed with a ‘“TMX” prefix and Product Preview disclaimer include target 
specifications for products that are currently under development at Tl. The inclusion of these specifications 
does not imply that these products are or will be in production, or will meet these parameters. 


Additional and/or updated information on these products is available from: 


Texas Instruments 
Customer Response Center 
P.O. Box 809066 
Dallas, Texas 75380-9066 


For ordering information or further assistance, please contact your nearest Texas Instruments Sales Office 
or authorized distributor as listed in the back of this book. 
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ORDERING INFORMATION 


DRAM/FRAM/SRAM ORDERING INFORMATION 


Factory orders for DRAM/FRAM/SRAMs described in this book should include an eight-part type number as 
explained in the following example: 


™S 4 4 C..256 -10 DJ — 


1. Prefix: AS SSSR Sk Sr er ae MI Mince ue eS | 


TMS Commercial MOS 

SMJ Military MOS 

TMX Pre-production 
Commercial MOS 


2) Product Family: 
4 DRAM/FRAM 
6 SRAM (Military Only) 
3) Word Width: 
1 x1 
Blank x1 (256K and 1 Meg DRAMs Only) 
Blank x4 (1 Meg FRAM Only) 
4 x4 
8 x 8 (SRAMs Only) 
9 x 9 (SRAMs Only) 
4) Technology: 
Blank NMOS 
Cc CMOS 
CE CMOS with Output Enable Control (SRAMs Only) 
CD CMOS with Separate I/O Pins (SRAMs Only) 
5) Density: 
16 16K SRAM 61 256K VRAM ('4461) 
16 64K DRAM (4416) 288 288K SRAM 
64 64K DRAM ('4164) 256 1 Meg DRAM ('44C256) 
64 64K SRAM 257 1 Meg DRAM ('44C257) 
61 64K VRAM ('4161) 1024 1 Meg DRAM ('4C1024) 
72 72K SRAM 1025 1 Meg DRAM ('4C1025) 
64 256K DRAM ('4464) 1027 1 Meg DRAM ('4C1027) 
256 256K DRAM ('4256) 1050 1 Meg FRAM ('4C 1050) ; 
257 256K DRAM ('4257) 251 1 Meg VRAM ('44C251) 
256 256K SRAM 
6) Speed Designator: 
DRAMs FRAMs SRAMs 
-8 80ns -3 25 ns -—25 25 ns 
—10 100 ns -4 30ns -35 35 ns 
-—12 120 ns -6 50 ns —-45 45 ns 
—15 150 ns -55 55 ns 
— 20 200 ns 
7) Package: 
Commercial (Plastic) Military (Ceramic) 
DJ Small Outline J-lead (SOJ) JD Dual In-line (DIP) 
FM Leaded Chip Carrier (PLCC) FG,FV Leadless Chip Carrier (CLCC) 
SD Zig-zag In-line (ZIP) HJ Small Outline J-lead (SOJ) 
N Dual In-line (DIP) 
8) Temperature Range: 
Commercial Military 
L 0°C to 70°C M —55°C to 125°C 
Blank O°C to 70°C (1 Meg DRAM Only) S -—55°C to 100°CT 


TExcept SMJ4164 and SMJ4256, which are — 55°C to 110°C. 
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DRAM MODULE ORDERING INFORMATION 


Factory orders for DRAM modules described in this book should include a seven-part type number as explained 
in the following example: 


TM 4256 F Cc 1. =10-42 
| See Pon ee ee a Se 
TM TI Module 
Memory Device: 


4256 256K DRAM, Page Mode 
024 1 Meg DRAM, Enhanced Page Mode 


Pinout Configuration: 


RS 
PA 


Board Dimensions: 


C U AD 
L AC 


Word Width Output: 
Speed Designator: 


— 10 100 ns 
—12120ns 
-—15 150 ns 


Temperature Range: 


L O°C to 70°C 
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Factory orders for EPROMs/PROMs described in this book should include a nine-part type number as explained 
in the following example: 
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4) 


5) 


6) 


7) 


8) 


9) 


. Prefix: > Ae era ean serene ory 


ORDERING INFORMATION 


EPROM/PROM/EEPROM ORDERING INFORMATION 


TMS 27 P C 512 -10 FM L a 


TMS Commercial MOS 

SMJ Military MOS 

TMX Pre-production 
Commercial MOS 


General Information + 


Product Family: 


27 EPROM/PROM 
28 EEPROM 


Erasability: 


P Non-erasable 
Blank Erasable 


Technology: 


C CMOS 
Blank NMOS 


Density: 


291 16K 128 128K 
292 16K 256 256K 
32 32K 512 512K 
49 64K 010 1024K 
64 64K 210 1024K 


Speed Designator?: 


35 ns -3, —35 150 ns -—1, —15, -—150 

45 ns Blank, —4, —45 170 ns -—1, -—17, -—170 

50 ns -5, —50 200 ns -—2, —20, —200 

55 ns -—5, —55 250 ns Blank, —25, —250 

100 ns -10, -— 100 300 ns —-3, —30, -—300 

120 ns -—12, —120 450 ns —45 
Package: 
PROMs (Plastic) EPROMs (Ceramic) EEPROMs 
N Dual In-line (DIP) J Cerpak/Cerdip J Ceramic DIP 
FN Chip Carrier JT 300-mil Cerdip N Plastic DIP 
FM Chip Carrier (TMS27C49 Only) 
NT 300-mil DIP 


(TMS27PC49 Only) 


Temperature Range: 


Commercial Military 
E —40°C to 85°C M —55°C to 125°C 


L 0°C to 70°C S -—55°C to 100°C 


168 Hour Burn-in Option: 


4 168 Hour Burn-in 
Blank No Burn-in 


TPlease check individual data sheets for available speeds. 
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VLSI MEMORY MANAGEMENT ORDERING INFORMATION 


Factory orders for VLSI Memory Management products described in this book should include a four-part type 
number as explained in the following example: 


SN 74ACT2152 —25 JD 


Prefix: LS eS at Ae Uk eee ned 


SN Standard Prefix 
THCT Commercial CMOS 
TACT Commercial Advanced CMOS 


Circuit Description: 


4 to 10 Characters 


Speed Designator: 


—xx Speed in ns 


Package: 


D, DW “Small Outline’’ Packages 
J, JD Ceramic DIPs 

N, NT Plastic DIPs 

FK Ceramic Chip Carrier 

FN Plastic Chip Carrier 
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DRAM, VRAM, FRAM, SRAM, EPROM, PROM, EEPROM 
REFERENCE GUIDE 


BITS PER WORD 


(16K) 
EPROMs § PROM 
TMS27C291 TMS27PC291 
TMS27C292 


SRAM 
SMJ68CE16 
(32K) 


General Information | 


EPROMs § PROM 
TMS2732A TMS27PC32 
TMS27C32 

(64K) (72K) 
EPROMs = PROMs SRAM 
TMS2764. TMS27PC64 | SMJ69CE72 
TMS27C64 TMS27PC49 
TMS27C49 


SRAM EEPROM 
SMJ68CE64 TMS28C64 
(64K) (128K) 
SRAM EPROMs § PROM 
SMJ4416 SMJ64C64_ |TMS27C128 TMS27PC128 
SMJ27C128 


~ (256K) (288K) 
EPROMs § PROM SRAM 
TMS27C256 TMS27PC256 |SMJ69CE288 
SMJ27C256 


SRAM 
SMJ68CE256 
(64K) (256K) (512K) (1024K) 
DRAM VRAM DRAMs VRAMs EPROMs = PROM EPROMs 
SMJ4164 SMJ4161  |TMS4464 TMS4461_ |TMS27C512 TMS27PC512 TMS27C210 
SMJ4464 SMJ4461 = |SMJ27C512 SMJ27C210 
SRAM 
SMJ61CD64 SRAM } : PROM 
SMJ64C256 | TMX27PC210 


Numbers in parentheses indicate overall complexity. 
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DRAM, VRAM, FRAM, SRAM, EPROM, PROM, EEPROM 
REFERENCE GUIDE 
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BITS PER WORD 


EPROMs PROM 
TMS27C010 TMX27PCO10 
SMJ27C010 
(1024K) 

DRAMs DRAMs VRAM 

TMS4256 SMJ61CD256 | TMS44C256 TMS44C251 

SMJ4256 SMJ44C256 

TMS4257 TMS44C257 


FRAM 
TMS4C 1050 
(1024K) 


DRAMs 

TMS4C1024 
SMJ4C1024 
TMS4C1025 
TMS4C1027 


Numbers in parentheses indicate overall complexity. 
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DYNAMIC RAM MODULE 
REFERENCE GUIDE 


BITS PER WORD 


(2048K) (2304K) 


TM4256FL8 TM4256EL9 
TM4256GU8 TM4256GU9 


(1024K) (4096K) (8192K) (9216K) 
TM4256FC1 TMO24HAC4 TMO024GAD8 TMO24EAD9 | 


Numbers in parentheses indicate overall complexity. 
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SELECTION GUIDE 


DRAM/VRAM/FRAM SELECTION GUIDE 


Ma Max Power 

x 

Organization Device Dissipation 

Access 
(Words X Bits) Number , Standby 
Time (ns) 
TTL(mW) 

9 
7 


UONPUMOjU] [2B10Ud5 


(V) 
SMJ4161-15 150 
5+5% 
SMJ4161-20 2 


00 

SMJ4164-12 120 264 
SMJ4164-15 150 |5+10%| 248 
SMJ4164-20 200 203 

a1 |? Me Con 2h 
SMJ4416-20 200 231 

68 


co 


TMS4256-8 80 5+5%|] 3 24 
TMS4256-10 100 aoe = N, FM, 
’ TMS4256-12 120 5+10%| 358 
330 25 


TMS4256-15 150 5+ 10% 


o5GK X 1 SMJ4256-12 120 420 
SMJ4256-15 150 5+5%| 394 
SMJ4256-20 200 315 


TMS4257-10 100 385 
TMS4257-12 120 5+10%| 358 
TMS4257-15 150 3 


30 

™TMS4461-12 120 853 
° 5+10% 

TMS4461-15 150 770 


SMJ4461-15 480. |B 1096) 77 


TMS4464-10 100 385 
TMS4464-12 120 5+10%| 358 
TMS4464-15 150 33 


6) 
SMJ4464-12 120 440 
SMJ4464-15 150 5+10%| 385 
SMJ4464-20 200 330 


tN Plastic Dual In-line Package (DIP) . 

JD Ceramic Dual In-line Package (DIP—Military) 
FG,FV Ceramic Chip Carrier (CLCC—Military) 

FM Plastic Chip Carrier (PLCC) 

SD Plastic Zig-zag In-line Package (ZIP) 


NO 
~ 


Nh 
oO 


jin [008 
Nibble 
Mode 


Multiport 4-27 
Video RAM 


JD | Military VRAM 


~N 


8-2 

8-4 
4-3 

4-59 


) 


oe 
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SELECTION GUIDE 


Comments 


DRAM/VRAM/FRAM SELECTION GUIDE (CONCLUDED) 


Max Power 
Dissipation 
ae 
UA dsibad) 


Max 
Access 
Time (ns) 


- 
=) 
Cc 


Organization Device 


Package? 
(Words X Bits) Number ckage 


Ww NO = 


General Information = 


TMS4C1024-10 100 385 CMOS 
TMS4C1024-12 120 330 7 Enhanced 
TMS4C 1024-15 150 303 Page Mode 
Militar 
SMJ4C 1024-128 120 330 - = spies ie Ie 
SMJ4C 1024-158 150 303 20/26 
1024K X 1 Mode 


ar 
™~ 
= 
oO 
i 


TMS4C 1025-10 100 385 
TMS4C1025-12 120 5+10%| 330 
TMS4C1025-15 150 303 


CMOS 

Nibble 
20/26 

Mode 


TMS4C1027-10 100 385 CMOS Static 
-TMS4C1027-12 120 330 17 N, DJ Column 
paste TMS4C1027-15 150 303 Decode Mode 
TMS44C251-103 100 605 - CMOS 
TMS44C251-124 120 |5+10% 523 28,28] DJ, SD Multiport 
TMS44C251-15¢ 150 468 Video RAM 
TMS44C256-10 100 385 CMOS 
TMS44C256-12 120 330 17 N, Du Enhanced 
256K X 4 TMS44C256-15 150 303 Page Mode 
SMJ44C256-125 120 330 EY Se 
SMJ44C256-158 150 |°7!°* 303 VO  sop6 fe dale: aes 
Page Mode 


TMS44C 257-10 
TMS44C257-12 


100 385 

120 |54+10%| 330 
TMS44C257-15 150 os 303 
TMS4C1050-3+ 25 275 
TMS4C1050-4+ 30 5+10% 248 
TMS4C1050-6¢ 50 


tN Plastic Dual In-line Package (DIP) 
JD Ceramic Dual In-line Package (DIP—Military) 
DJ Plastic Small Outline J-lead (SOJ) 
HJ Ceramic Small Outline J-lead (SOJ—Military) 
SD Plastic zig-zag in-line Package (ZIP) 
+ Advance Information for product under development by TI. 
8 Preliminary Target Specification for product under development by TI. 
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CMOS Static 
pe ste ; Column 
Decode Mode 
16,20,26) N, SD, DJ | CMOS FRAM | 4-189 
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SELECTION GUIDE 


Density 


1024K 
2048K 
2304K 


4096K 
9216K 
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Organization 
(Words X Bits) 


1024K X 1 


256K X 4 


256K X 8 


256K X 9 


1024K X 4 


1024K X 8 


1024K X 9 


DYNAMIC RAM MODULE SELECTION GUIDE 


Device 
Number 


TM4256FC1-10 
TM4256FC1-12 
TM4256FC1-15 
TM4256EC4-10 
TM4256EC4-12 
TM4256EC4-15 
TM4256FL8-10 
TM4256FL8-12 
TM4256FL8-15 
TM4256GU8-10 
TM4256GU8-12 
TM4256GU8-15 
TM4256EL9-10 

TM4256EL9-12 

TM4256EL9-15 

TM4256GU9-10 
TM4256GU9-12 
TM4256GU9-15 
TMO24HAC4-10 
TMO24HAC4-12 
TMO24HAC4-15 
TMO24GAD8-10 
TMO24GAD8-12 
TMO24GAD8-15 
TMO24EAD9-10 
TMO24EAD9-12 
TMO24EAD9-15 


Max 
Access 
Time (ns) 


Power 
Supply 
(V) 


Max Power 
Dissipation 
Standby 
ws |rruinn 


100 Socketable 
120 5+10% ith Presence 
150 Detect 
100 3465 

120 5+10%} 3218 

150 2970 

100 Socketable 
120 5+ 10% ith Presence 
150 Detect 
100 

120 5+10%| 1320 24 Leaded 
150 1210 

100 3080 

120 5+10%}| 2640 132 Socketable 
150 2420 

100 3465 

120 5+10%| 2970 Socketable 
150 2723 


a i 


440 
120 5+10%) 413 Leaded Page Mode 
150 385 
100 1540 
120 5+10%| 1430 22 Leaded Page Mode 
150 1320 
100 3080 
120 5+10%}| 2860 Leaded Page Mode 
150 2640 


Page Mode 


Leaded Page Mode 


Page Mode 


CMOS 


Enhanced 
Page Mode 


CMOS 
Enhanced 
Page Mode 
CMOS 
Enhanced 
Page Mode 


Page 
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EPROM/EEPROM SELECTION GUIDE 


Max Power 
Dissipation 


Organization 
(Words X Bits) 


Density 


Standby 
wt [Frum 
T™MS27C291-3 
T™MS27C291-35 
TMS27C291 
TMS27C291-45 
™MS27C291-5 
TMS27C291-50 
TMS27C292-3 
TMS27C292-35 
TMS27C292 
TMS27C292-45 
TMS27C292-5 
TMS27C292-50 
TMS27C32-1004 
TMS27C32-104 
TMS27C32-1204 
TMS27C32-12+ 
TMS27C32-150+ 
TMS27C32-15¢ 
TMS27C32-2+¢ 
TMS27C32-20¢ 
TMS27C32+ 
TMS27C32-25% 
TMS2732A-17 
TMS2732A-20 
TMS2732A-25 
T™MS2732A-45 
TMS27C49-4+ 
TMS27C49-45¢ 
TMS27C49-5+ 
TMS27C49-55+ 
TMS27C64-100 
TMS27C64-120 
TMS27C64-12 
TMS27C64-1 
TMS27C64-15 
TMS27C64-2 
TMS27C64-20 
TMS27C64 
TMS27C64-25 
™MS2764-17 
TMS2764-20 
™MS2764-25 
™MS2764-45 


TMS28C64-25+t 5+ 10% 
TMS28C64-35+ 
TJ Ceramic DIP 


JT 300-mil Ceramic DIP (TMS27C49 only) 
N Plastic DIP 
+ Advance Information for product under development by TI. 


200 


5+5%| 788 
ta 


Packaget 


J, JT 


SELECTION GUIDE 


Comments Page 


High-Speed 
CMOS 


General Information . 


High-Speed 
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SELECTION GUIDE 


EPROM/EEPROM SELECTION GUIDE (CONTINUED) 


Max Power 
Organization Device Dissipation 
: Access 
(Words X Bits) Number : Standby 
Time (ns) 
TTLimW) 


TMS27C 128-100 
TMS27C128-120 
TMS27C128-12 
TMS27C128-1 
TMS27C128-15 
TMS27C128-2 
TMS27C128-20 
TMS27C128 
TMS27C128-25 
SMJ27C 128-20 
SMJ27C128-25 
SMJ27C 128-30 
TMS27C256-120 
TMS27C256-12 
TMS27C256-150 
TMS27C256-15 
TMS27C256-1 
TMS27C 256-17 
TMS27C256-2 
TMS27C256-20 
TMS27C256 
TMS27C256-25 
SMJ27C256-20 
SMJ27C256-25 
SMJ27C256-30 
TMS27C512-1 
TMS27C512-17 
TMS27C512-2 
TMS27C512-20 
TMS27C512 
TMS27C512-25 5+10% 
TMS27C512-3 5+5% 
TMS27C512-30 5+10% 
SMJ27C512-20 
SMJ27C512-25 
SMJ27C512-30 


UONEULOJU] Je1BUGH +I 


TJ Ceramic DIP 
JT 300-mil Ceramic DIP (TMS27C49 only) 
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SELECTION GUIDE 


EPROM/EEPROM SELECTION GUIDE (CONCLUDED) 


Max Power 
: Max 
Device Dissipation t 
Access Package Comments Page 
Number 2 Pe ee 
Time (ns) 
TTLimW) 


TMS27C010-170+ 

TMS27C010-200+ 

TMS27C010-204 5+10%} 220 

TMS27C010-250+ CMOS 6-119 
128K X 8 TMS27C010-25t 5+10%} 220 

TMS27C010-300t 

TMS27C010-304 5+10%}) 220 


SMJ27C010-2508 5+10% 220 Military 8-163 
SMJ27C010-3008 CMOS 


TMS27C210-1704 

TMS27C210-200¢ 

TMS27C210-204 5+10%} 220 

TMS27C210-250+ CMOS 6-131 
64K X 16 TMS27C210-25+t 5+10%}| 220 

TMS27C210-300t 

TMS27C210-304 5+10%} 220 


SMJ27C210-2508 5+10%1 220 Military 8-165 
SMJ27C210-3008 CMOS 
TJ Ceramic DIP 


JT 300-mil Ceramic DIP (TMS27C49 only) 
+ Advance Information for product under development by TI. 
8 Preliminary Target Specification for product under development by TI. 


Organization 
(Words X Bits) 


Density 


General Information + 
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SELECTION GUIDE 


ONE-TIME PROGRAMMABLE PROM SELECTION GUIDE 


Organization Device Dissipation 
(Words X Bits) Number Standby 
ws [trun 


TMS27PC291-3¢ 
TMS27PC291-35+¢ 
TMS27PC291+ 
TMS27PC291-454 
TMS27PC291-54 
TMS27PC291-50+¢ 
TMS27PC32-120+¢ 
TMS27PC32-12+ 
TMS27PC32-150+4 
TMS27PC32-15+¢ 
TMS27PC32-2+ 
TMS27PC32-20+¢ 
TMS27PC32+4 
TMS27PC32-25+¢ 
TMS27PC49-44 
TMS27PC49-45+ 
TMS27PC49-5¢ 
TMS27PC49-554 
TMS27PC64-120 
TMS27PC64-12 
TMS27PC64-1 
TMS27PC64-15 
TMS27PC64-2 
TMS27PC64-20 
TMS27PC64 
TMS27PC64-25 
TMS27PC1 28-1 
TMS27PC 128-15 
TMS27PC 128-2 
TMS27PC1 28-20 
TMS27PC128 
TMS27PC128-25 
TMS27PC256-150 
TMS27PC256-15 
TMS27PC256-1 
TMS27PC256-17 
TMS27PC256-2 
TMS27PC256-20 
TMS27PC256 
TMS27PC256-25 


UOIJEULIOJU] JeIOUEH . 


tN Plastic DIP 
NT 300-mil Plastic DIP (TMS27PC49 only) 
FM Plastic Chip Carrier 
FN Plastic Chip Carrier 
+ Advance Information for product under development by TI. 
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‘SELECTION GUIDE 


ONE-TIME PROGRAMMABLE PROM SELECTION GUIDE (CONCLUDED) 


Max 
Organization Device Pann Dissipation Paka t Golnshacts Peas 
(Words X Bits) Number ss gey eneer 
TTL(mW) 
TMS27PC512-2 
TMS27PC512-20 
64K X 8 Avia dnt hs 28,32 N, FM CMOS 
TMS27PC512-25 
TMS27PC512-3 
TMS27PC512-30 


General Information e 


TMX27PC010-2008| 
TMX27PCO10-205 
soak xg | TMX27PC010-2508 oe ea 
TMX27PCO10-25§ 
TMX27PC010-3008 
TMX27PC010-308 
TMX27PC210-2008 
TMX27PC210-208 
TMX27PC210-2508 
64K X16 | tMx27PC210-255 sis 
TMX27PC210-3008 
TMX27PC210-308 


tN Plastic DIP 
NT 300-mil Plastic DIP (TMS27PC49 only) 
FM Plastic Chip Carrier 
FN Plastic Chip Carrier 
§Preliminary Target Specification for product under development by TI. 
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(Words X Bits) 


SELECTION GUIDE 


MILITARY SRAM SELECTION GUIDE 


Device 
Number 


SMJ61CD16-25 
SMJ61CD16-35 
SMJ61CD16-45 
SMJ64C16-254 
SMJ64C 16-354 
SMJ64C16-45+ 
SMJ68CE16-25+ 
SMJ68CE16-35+ 
SMJ68CE16-45+ 
SMJ61CD64-25+ 


Max 
Access 
Time (ns) 


5+10% 
5+10% 
5+10% 


CMOS Military 
Separate 
1/0 Pins © 


CMOS Military 
Output Enable 
Control 


SMJ61CD64-35+4 
SMJ61CD64-45+ 
SMJ64C64-25+¢ 


25 
35 
25 
35 
25 
35 
45 
25 CMOS Military 
35 5+10% Separate 
25 
35 5+10% 
2 oe 
$ 25 CMOS Military 
568CE64-35t 35 5+10% Output Enable 
SMJ68CE64-45+¢ 45 Control 
SMJ69CE72-25+ 25 CMOS Military 
SMJ69CE72-35+t 35 5+10% Output Enable 
SMJ69CE72-45+ 45 Control 
SMJ61CD256-35+ 35 CMOS Military 
SMJ61CD256-454 45 5+10% Separate 
55 1/0 Pins 
35 
55 Military 
35 CMOS Military 
45 5+10% Output Enable 
35 . CMOS Military 
Output Enable 
55 Control 


SMJ61CD256-55+ 
SMJ64C256-358 

SMJ64C256-458 

SMJ64C256-558 

SMJ68CE256-358 
SMJ68CE256-458 
SMJ68CE256-558 
SMJ69CE288-358 
SMJ69CE288-45 8 
SMJ69CE288-558 


TJD Ceramic Dual In-line Package (DIP—Military) _ 
FG Ceramic Chip Carrier (CLCC —Military) 
+ Advance Information for product under development by TI. 
8 Preliminary Target Specification for product under development by TI. 
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SELECTION GUIDE 


VLSI MEMORY MANAGEMENT PRODUCTS 


DRAM CONTROLLERS 
PROVIDE ADDRESS MULTIPLEXING AND REFRESH CONTROL 


- Device 
Type 
TMS4500A 64K DRAMs, On-chip Refresh Timing Control 
THCT4502B 256K DRAMs, On-chip Refresh Timing Control 


Features 


75ALS2967 256K DRAMs, >200 to 60 ns DRAMs, RAS, CAS 
74ALS2968 256K DRAMs, >200 to 60 ns DRAMs, RAS, CAS 
74ALS6301 1 Megabit DRAMs, > 200 to 60 ns DRAMs, RAS, CAS 


74ALS6302 1 Megabit DRAMs, > 200 to 60 ns DRAMs, RAS, CAS 


tMemory Access Time 


General Information + 


CACHE ADDRESS COMPARATORS 
ON-CHIP PARITY GENERATION AND CHECKING 


Re ee 
TACT2150 1 wm EPIC™, Fastest Available, 512 x 8 RAM 

74ACT2151 1K x 11 Cache Tag RAM 

74ACT2152 2K x 8 Cache Tag RAM 

74ACT2153 1K x11 Cache Tag RAM with Open Drain Match Pin 


74ACT2154 2K x8 Cache Tag RAM with Open Drain Match Pin 


+ Address Match Time 
EPIC™ is a trademark of Texas Instruments Incorporated. 


ERROR DETECTION AND CORRECTION UNITS 
CORRECTS 1-BIT MEMORY ERRORS AND FLAGS 2-BIT ERRORS 


a 
Features 
Type 


74ALS632B 32-bit, 3-state with Byte-Write Capability 


74ALS634B 32-bit, 3-state, No Byte-Write 
74AS632 Fastest 32-bit EDAC Available 
74AS634 32-bit, 3-state, No Byte-Write (Speed Enhanced 'ALS634) 


8Single Bit Detection Time 
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SELECTION GUIDE 


MOS MEMORY DRIVERS WITH SERIES DAMPING RESISTORS 


vaBCT IST BiCMOS 10-bit Buffer/Driver, 3-state Output 


74BCT2828A BiCMOS 10-bit Buffer/Driver, Inverting 3-state Output 
74BCT29827A BiCMOS 10-bit Buffer/Driver, 3-state Output 
74BCT29828A BiCMOS 10-bit Buffer/Driver, inverting 3-state Output 


Device 


MEMORY ACCESS DETECTORS 


Features 


74ALS6310 Static Column and Page Mode, High Performance Compare 
74ALS6311 Static Column and Page Mode, High Performance Compare 


FIRST-IN FIRST-OUT (FIFO) MEMORIES 


7-227 
7-227 


Device 
Type esa 


74ALS229A 
74ALS232A 
74ALS233A 
74ALS234 


74ALS235 
74ALS236T 
74ALS2232 
74ALS2233 
74ACT7201A 
74ACT7202 


TCompatible with the 67401 
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IC LINE-UP 


MOS MEMORY LINE-UPT ra 
2) 
DRAMs NMOS —— 256K 256K x 1——TMS4256 —— TMS4257 o 
64K x 4—TMS4464 ——TMS4461 Multiport Video = 
ben 
CMOS ——1024K 1M x 1—TMS4C1024—TMS4C1025—TMS4C1027 | AS) 
256K x 4—=TMS44C256—TMS44C257—TMS44C251 a 
Multiport ri! 
Video | 
oD 
DRAM NMOS —--1024K 1M x 1—=—TM4256FC1 e 
MODULES 1024K—_256K x 4—=TM4256EC4 7) 
2048K—= 256K x: 8 —= TM4.256FL8 —TM4256GU8 © 
2304K——=$256K_ x 9——TM4256EL9 —TM4256GU9 
CMOS—-4096K IM x 4——TMO24HAC4 
- Fero2x 1M x 8—=TMO24GAD8 
9216K 1M x 9—=TMO24EAD9 
FRAM CMOS ——1024K——=$256K_ x 4 —=TMS4C1050 
MOS 
MEMORY EPROM NMOS 32K 4K x 8——TMS2732A 
64K 8K x 8——TMS2764 
CMOS 16K 2K x 8——TMS27C291—TMS27C292 
32K 4K x 8—=TMS27C32 
64K 8K x 8——}TMS27C64—TMS27C49 
128K 16K x 8—=TMS27C128 
256K 32K x 8—=TMS27C256 
512K———— 64K xX 8——TMS27C512 
1024K 64K x 16—TMS27C210 
Li cak x 8 — TMS27C010 
PROM CMOS 16K —2K x 8—TMS27PC291 
32K 4K x 8—TMS27PC32 
64K 8K x 8 —TMS27PC64—TMS27PC49 
128K ——=$ 16K_ x_ 8 —= TMS27PC128 
256K ———$32K_-x_-« 8 —=TMS27PC256 
512K———=$ 64KX_—s&«_—Si<&S$ —- TMS27PC512 
1024K—7~ 64K x 16—TMX27PC210 
128K x 8 TMX27PC010 
EEPROM————— CMOS 64K 8K x 8—TMS28C64 


TOnly commercial devices are listed. 
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ALTERNATE SOURCE DIRECTORY 


DRAMs 


VENDOR 
Silo g aie BS Se [ALTERNATE SOURCES — 


64K X 4 


VRAM 
Mitsubishi 


NEC 
Vitelic 


Fujitsu 
Hitachi 
Hyundai 
Intel 

Micron Tech 
Mitsubishi 
NEC 
OKI 
Sharp 
Toshiba 


AMD 
AT&T 
Fujitsu 
Hitachi 
Hyundai 
Intel 

Micron Tech 
Mitsubishi 
Mostek 
Motorola 
NEC 
NMB 
OKI 
Panasonic 
Samsung 
Sharp 
Toshiba 


256K X 1 
PAGE MODE 


AMD 
AT&T 
Fujitsu 
Hitachi 
Mitsubishi 
NEC 

NMB 

OKI 
Samsung 
Sharp 
Toshiba 


256K X 1 
NIBBLE MODE 


PART NUMBER 


T™MS4461 
MB81461 
HM53462/HM53461 
HY51C264 
M5M4C264P 
pPD41264/pPD42264 
V51C261/V51C264 
TMS4464 
MB81C466/MB81464 
HM50464/HM50465 
HY51464/HY51C464 
51C259 
MT4064/MT4067 
M5M4464 

uPD41464 
MSM41464 
LH2464/LH2465 
T™TMM41464 
TMS4256 
AM90C256 

M41256P 
MB81256/MB41256 
HM50256_ 
HY51C256L/HY51256 
51C256H 

MT1256 

M5M4256 

MK45H6 

MCM6256B 
uPD41256 
AAA2800 
MSM41256 
MN41256 
KM41256 
LH21256 
TMM41256 
TMS4257 
AM90C255 
M41256N 
MB81257/MB41257 
HM50257 
M5M4257 
puPD41257 
AAA2800 
MSM41257 
KM41257 

LH21257 
T™MM41257 


Fujitsu 
wg 


Hitachi 
EXAS 
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ALTERNATE SOURCE DIRECTORY 


DRAMs (CONCLUDED) 


ORGANIZATION 


1A estos PART NUMBER 
ALTERNATE SOURCES 
TI 


TMS44C251 


256K X 4 Fujitsu MB81C4251/MB81C4252 
VIDEO RAM Hitachi HM534251/2/3 
OKI MSM514251/MSM514252 


Toshiba TC524256/TC524257 


TMS44C256 


AT&T M441024 

Hitachi HM514256 

Mitsubishi - M5M44C256 
Serbia e MODE NEC uPD414256/nPD424256 

NMB AAA1M104/AAA1M204 

OKI MSM414256/MSM514256 

Sharp LH64256 


TC514256 
TMS44C257 
M5M44C258 

AAA1M104/AAA1M204 
MSM514257 
LH64256 
TC514258 
TMS4C1024 
M511024 


Toshiba 


Mitsubishi 
NMB 
OKI 
Sharp 

Toshiba 


256K X 4 
STATIC COLUMN DECODE 


AT&T 


Fujitsu MB811000 
Hitachi HM511000 
Hyundai HY51C100 


1M X 1 Micron Tech MT41C001 
ENHANCED PAGE MODE Mitsubishi M5M4C1000 
NEC uPD411000 
NMB AAA1M100/AAA1M200 
OKI MSM411000/MSM51 1000 
Panasonic MN411000 


Toshiba TC511000 
TMS4C1025 


MB811001 


Fujitsu 


Mitsubishi M5M4C1001 
cadre ane NEC uPD411001 

NMB AAA1M200 

OKI MSM411001 


Toshiba TC511001 
TMS4C1027 

Hitachi HM511001 
1M X 1 Mitsubishi M5M4C1002 
STATIC COLUMN DECODE NMB AAA1M100/AAA1M200 
OKI | MSM511001 


Toshiba TC511002 
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ALTERNATE SOURCE DIRECTORY 


DYNAMIC RAM MODULES 


VENDOR 
PART NUMBER 
ORGANIZATION ALTERNATE SOURCES | me 


256K X 4 
256K X 8 
256K X 8 


t : 


TM4256EC4 
DENSE-PAC DPD44256 
Fujitsu MB85203/MB85204 


Hitachi HB561004A 
Micron Tech MT4259 
NEC MC41256A4 
TM4256FL8 
DPD42568 


DENSE-PAC 


Hitachi HB451008B 
Micron Tech MT8259 
Mitsubishi MH25608A 
NEC MC41256A8 
NMB MM2800 


OKI MSC2304KS8 
TM4256GU8 
DPD42568 

HB561008B 


MT8259 


DENSE-PAC 
Hitachi 
Micron Tech 


Mitsubishi MH25608 
NEC MC41256A8 
NMB MM2800 


OKI MSC2304YS8 


TM4256EL9 


DENSE-PAC DPD42569 

Fujitsu MB85227 

Hitachi HB561003/HB561009 
Micron Tech MT9259 

Mitsubishi MH25609A 

NMB MM2800 

NEC MC41256A9 

OKI MSC2304KS9 


TH22569/TH32569 
TM4256GU9 


Toyocom 


DENSE-PAC DPD42569 

Fujitsu MB85227 

Hitachi HB561003/HB561009 
Micron Tech MT9259 


MH25609 
MM2800 
MC441256A9 
MSC2304YS9 
TH22569/TH32569 
TM4256FC1 
DPD411M 


Mitsubishi 
NMB 
NEC 

OKI 
Toyocom 


256K X 9 


DENSE-PAC 


1M X 1 EDI DH411M-__C4/EDH411M-__C4 
Fujitsu MB85201/MB85208 
NEC MC411000A1 


a 
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ALTERNATE SOURCE DIRECTORY 


DYNAMIC RAM MODULES (CONCLUDED) 


VENDOR | 
PART NUMBER 
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Interplex (NAS) 


Micron 
Mitsubishi 
OKI 
Toshiba 


Hitachi 


Interplex (NAS) 


Micron 
Mitsubishi 
OKI 
Toshiba 


TEXAS we 


TMO24GAD8 
1TM-S-1000-P-08 
MT8C8024MN 
MH1MO8 
2310-__YS8 
THM81000S 
TMO24EAD9 
HB56A19B 
1TM-S-1000-P-09 
MTC9024MN 
MH1MO9 
2310-__YS9 
THM91000S 


EPROMs 


ORGANIZATION 


2K X 8 
HIGH SPEED 
CMOS 


ALTERNATE SOURCE DIRECTORY 


VENDOR 
ALTERNATE SOURCES 
TI 


AMD 
Cypress 
ICT 

MMI 
National 
Signetics 
Waferscale 


AMD 
Fujitsu 
Hitachi 
Intel 
National 
Panatech 
SGS 


National 
Panatech 


AMD 
Fujitsu 
Hitachi 
Hyundai 
Intel 
Mitsubishi 
Motorola 
NEC 

OKI 
SEEQ 
SGS 
Toshiba 


Atmel 
Cypress 
Cypress 
Fujitsu 
GI 
Goldstar 
Hitachi 
Hyundai 
Intel 
National 
NEC 
OKI 
S-MOS 


Signetics 
Thomson 
Waferscale 


PART NUMBER 


TMS27C292 
AM27S191A 
CY7C292 
270X322 
6331681 
DM87S291 
N82S191 
WS57C291 
TMS2732A 
AM2732A/AM2732B 
MBM2732A 
HN482732 
2732A 
NMC27C32 
RD27C32 
M2732A 
TMS27C32 
NMC27C32 
RD27C32 
TMS2764 
AM2764A 
MBM2764 
HN482764 
HY 2764 
2764A 
M5L2764 
MSM68764 
pPD2764 
MSM2764 
5133/2764 
M2764 
TMM2764 
TMS27C64 
AM27HC64 


CY7C261/CY7C263/CY 7C264 


CY7C268/CY7C269 
MBM27C64 

27C64 

GM27HC64 
HN27C64 
HY27C64 
27C64/87C64 
NMC27C64 
uPD27C64 
MSM27C64 
SPM27C64 
27C64/87C64 
TS27C64 
WS27C64F/WS27C49 
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ALTERNATE SOURCE DIRECTORY 


EPROMs (CONTINUED) 


ORGANIZATION 


ee re ee 


ere 22S ALTERNATE SOURCES 


AMD 

Atmel 

Fujitsu 

Gl 

Hitachi 

Mitsubishi 
16K X 8 National 
CMOS NEC 

OKI 

S-MOS 

SEEQ 

Toshiba 

VLSI 

VTl 

Waferscale 


AMD 
Atmel 
Fujitsu 
Hitachi 
GI 
Intel 
Mitsubishi 
Motorola 
32K X 8 National 
CMOS NEC 
OKI ; 
: Panatech 
S-MOS 
SEEQ 
SGS 
Signetics 
Thomson 
Toshiba 
Waferscale 


Tl 
AMD 
Atmel 
Fujitsu 
GI 
' Hitachi 
64K X 8 
Intel 
a Mitsubishi 

National 
NEC 
OKI 
Panatech 
Toshiba 


ae 
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PART NUMBER 


TMS27C128 

AM27128 

AT27C128 
MBM27C128/MBM27128 
270128 
HN27128A/HN4827128G 
M5L27128/M5M27C128 
NMC27CP128 

uPD27128 
MSM27128/MSM27C128 
SPM27129C 

27128 

™M27128 


_VT27C128 


VT27C128 
WS57C128F/WS57C251 
TMS27C256 
AM27C256/AM27256 
AT27C256/AT27256 
MBM27C256/MBM27256 
HN27C256/HN27256 
27C256/27256 
27256/27C256 
M5M27C256/M5L27256 
MCM67256/9 
NMC27C256 

uPD27256 
MSM27C256/MSM27256 
RD27C256 
SPM27C256 

27C256 

M27256A 

27C256 

TS27C256 
TMM27256/TC57256 
WS57C256F 
TMS27C512 
AM27512/AM27C512 
AT27C512 
MBM27C512 

27C512 

HN27512 

27512 

M5L27512 
NMC27C512 
uPD27C512 
MSM27512 
TMS27C512 
TC57512/TMM27512 


ALTERNATE SOURCE DIRECTORY 


EPROMs (CONCLUDED) 


ORGANIZATION VENDOR 
DRE aaa ALTERNATE SOURCES 


64K X 16 
CMOS 


128K X 8 
CMOS 


AMD 
Atmel 
Fujitsu 
Intel 
National 
NEC 
OKI 
Toshiba 


Atmel 
Fujitsu 
Hitachi 
Intel 
Mitsubishi 
NEC 

OKI 
Toshiba 
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PART NUMBER 


TMS27C210 
AM27C1024 
AT27C1024 
MBM27C1024 
27210 
NMC27C1024 
uPD27C1024 
MSM271024/MSM27C1024 
TC571024 
TMS27C010 
AT27C010 
MBM27C1000/1 
HN27C101 
27010 
M5M27C100/1/2 
uPD27C1000 
MSM271000 
TC571000 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


PART | — GENERAL CONCEPTS AND TYPES OF MEMORIES 
Address — Any given memory location in which data can be stored or from which it can be retrieved. 
Automatic Chip-Select/Power Down — (see Chip Enable Input) 


Bit — Contraction of Binary digIT, i.e., a 1 or a O; in electrical terms the value of a bit may be represented by 
the presence or absence of charge, voltage, or current. 


Byte, — A word of 8 bits (see word) 


CMOS — A complementary MOS technology which uses transistors with electron (N-channel) and hole 
(P-channel) conduction. 


Chip Enable Input — A control input to an integrated circuit that when active permits operation of the integrated 
circuit for input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes 
the integrated circuit to be in a reduced power standby mode. 


Chip Select Input — Chip select inputs are gating inputs that control the input to and output from the memory. 


They may be of two kinds: 
1. Synchronous—Clocked/latched with the memory clock. Affects the inputs and outputs for 
the duration of that memory cycle. 
2. Asynchronous—Has direct asynchronous control of inputs and outputs. In the read mode, 
an asynchronous chip select functions like an output enable. 


Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses. 
It can be active high (CAS) or active low (CAS). 


Data — Any information stored or retrieved from a memory device. 
DIP — Dual In-line Package. 


Dynamic (Read/Write) Memory (DRAM) — A read/write memory in which the cells require the repetitive 

application of control signals in order to retain the stored data. 
NOTES: 1. The words “‘read/write’’ may be omitted from the term when no misunderstanding will 
result. 
2. Such repetitive application of the control signals is normally called a refresh operation. 
3. A dynamic memory may use static addressing or sensing circuits. 
4. This definition applies whether the control signals are generated inside or outside the 
integrated circuit. 

Electrically Erasable Programmable Read-Only Memory (EEPROM) — A nonvolatile memory that can be field- 
programmed like a PROM or EPROM, but that can be electrically erased by a combination of electrical 
signals at its inputs. 

Erasable and Programmable Read-Only Memory (EPROM) — A field-programmable read-only memory that can 
have the data content of each memory cell altered more than once. 


Erase — Typically associated with EPROMs and EEPROMs. The procedure whereby programmed data is removed 
and the device returns to its unprogrammed state. 


FRAM — First-in First-out pseudo static RAM or Field RAM. 
Field-Programmable Read-Only Memory — (see One-time Programmable Read-Only Memory) 


Fixed Memory — A common term for ROMs, EPROMs, EEPROMs, etc., containing data that is not normally 
changed. A more precise term for EPROMs and EEPROMs is nonvolatile since their data may be easily 
changed. 

Fully Static RAM — Ina fully static RAM, the periphery as well as the memory array is fully static. The periphery 
is thus always active and ready to respond to input changes without the need for clocks. There is no 
precharge required for static periphery. 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


K — When used in the context of specifying a given number of bits of information, 1K = 219 = 1024 bits. 
Thus, 64K = 64 X 1024 = 65,536 bits. 


Large-Scale Integration (LSI) — The description of any IC technology that enables condensing more than 100 
gates onto a single chip. 


Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is 
Pa determined during manufacture by the use of a mask, the data content thereafter being unalterable. 
3 


Memory — A medium capable of storing information that can be retrieved. 


Memory Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered, 
in which it is or can be stored, and from which it can be retrieved. 


Metal-Oxide Semiconductor (MOS) — The technology involving photolithographic layering of metal and oxide 
to produce a semiconductor device. 


NMOS — A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short 
for N-channel MOS) 


Nonvolatile Memory — A memory in which the data content is maintained whether the power supply is connected 
or not. 


One-time Programmable Read-Only Memory (PROM) — A read-only memory that after being manufactured, 
can have the data content of each memory cell altered once. 


Output Enable — A control input that, when true, permits data to appear at the memory output, and when false, 
causes the output to assume a high-impedance state. (See also chip select) 


PLCC — Plastic Leaded Chip Carrier package. 


PMOS — A type of MOS technology in which the basic conduction mechanism is governed by holes. (Short 
for P-channel MOS) 


Parallel Access — A feature of a memory by which all the bits of a byte or word are entered simultaneously 
at several inputs or retrieved simultaneously from several outputs. 


Power Down — A mode of a memory during which the device is operating in a low-power or standby mode. 
Normally read or write operations of the memory are not possible under this condition. 


Program — Typically associated with EPROM and PROM memories, the procedure whereby logical Os (or 1s) 
are stored into various desired locations in a previously erased device. 


Program Enable — An input signal that when true, puts a programmable memory device into the program mode. 


eunjon4jg JeeYS e}eG/suOWUEeAUOD Bul] /Asesso]s 


Programmable Read-Only Memory (PROM) — (see One-time Programmable Read-Only Memory) 


Printed Wiring Board (PWB) — A substrate of epoxy glass, clad material, or other material upon which a pattern 
of conductive traces is formed to interconnect the components which will be mounted upon it. 


Read — A memory operation whereby data is output from a desired address location. 


Read-Only Memory (ROM) — A memory in which the contents are not intended to be altered during normal 
operation. 
NOTE: Unless otherwise qualified, the term ‘‘read-only memory”’ implies that the contents is determined 
by its structure and is unalterable. 


Read/Write Memory — A memory in which each cell may be selected by applying appropriate electrical input 
signals and the stored data may be either (a) sensed at appropriate output terminals, or (b) changed in 
response to other similar electrical input signals. 


Row Address Strobe (RAS) — A clock used in dynamic RAMs to control the input of the row addressed. It can 
be active high (RAS) or active low (RAS). 
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SOJ — Small Outline J-lead package. 


Scaled-MOS (SMOS) — MOS technology under which the device is scaled down in size in three dimensions 
and in operating voltages allowing improved performance. 


Semi-Static (Quasi-Static, Pseudo-Static) RAM — In a semi-static RAM, the periphery is clock-activated (i.e., 
dynamic). Thus the periphery is inactive until clocked, and only one memory cycle is permitted per clock. 
The peripheral circuitry must be allowed to reset after each active memory cycle for a minimum precharge 
time. No refresh is required. 


Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrieved 
sequentially from a single output. 


SIP — Single In-line package. 


Small Outline Integrated Circuit (SOIC) — A package in which an integrated circuit chip can be mounted to form 
a surface-mounted component. It is made of a plastic material which can withstand high temperatures 
and has leads formed in a gull-wing shape along its two longer sides for connection to a PWB footprint. 


Static RAM (SRAM) — A read/write random-access device within which information is stored as latched voltage 
levels. The memory cell is a static latch that retains data as long as power is applied to the memory array. 
No refresh is required. The type of periphery circuitry sub-categorizes static RAMs. 


Very-Large-Scale Integration (VLSI) — The description of any IC technology that is much more complex than 
large-scale integration (LSI), and involves a much higher equivalent gate count. At this time an exact 
definition including a minimum gate count has not been standardized by JEDEC or the IEEE. 


Volatile Memory — A memory in which the data content is lost when power supplied is disconnected. 


Word — A series of one or more bits that occupy a given address location and that can be stored and retrieved 
in parallel. 


Write — A memory operation whereby data is written into a desired address location. 


Write Enable — A control signal that when true causes the memory to assume the write mode, and when false 
Causes it to assume the read mode. 


ZIP — Zig-zag In-line package. 


PART Ii — OPERATING CONDITIONS AND CHARACTERISTICS 
(INCLUDING LETTER SYMBOLS) 


Glossary/Timing Conventions/Data Sheet Structure . 


Capacitance 
The inherent capacitance on every pin, which can vary with various inputs and outputs. 


Example symbology: 


Cj Input capacitance 
Co Output capacitance 
Cj(D) Input capacitance, data input 


Current 


High-level input current, lH 
The current into an input when a high-level voltage is applied to that input. 
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High-level output current, IOH 
The current into* an output with input conditions applied that according to the product specification will 
establish a high level at the output. 


Low-level input current, |jL 
The current into an input when a low-level voltage is applied to that input. 


Low-level output current, IOL 
The current into* an output with input conditions applied that according to the product specification will 


establish a low level at the output. 


Off-state (high-impedance-state) output current (of a three-state output), 19OZ 
The current into* an output having three-state capability with input conditions applied that according to 
the product specification will establish the high-impedance state at the output. 


Short-circuit output current, los 

The current into* an output when the output is short-circuited to ground (or other specified potential) with 
input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). 


Supply current, Ipp. icc. Ipp. Ipp 
The current into, respectively, the Veg, Vcc, VDD, Vpp supply terminals. 


*Current out of a terminal is given as a negative value. 


Operating Free-Air Temperature 


The temperature (TA) range over which the device will operate and meet the specified electrical 
characteristics. 


Operating Case Temperature 


The case temperature (TC) range over which the device will operate and meet the specified electrical 
characteristics. 


Voltage 
High-level input voltage, Vip 


An input voltage within the more positive (less negative) of the two ranges of values used to represent 

the binary variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which 
operation of the logic element within specification limits is guaranteed. 


High-level output voltage, VOH 


The voltage at an output terminal with input conditions applied that according to the product specification 
will establish a high level at the output. 


Low-level input voltage, VjL 


An input voltage level within the less positive (more negative) of the two ranges of values used to represent 

the binary variables. 

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which 
operation of the logic element within specification limits is guaranteed. 


TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


Low-level output voltage, VOL 

The voltage at an output terminal with input conditions applied that according to the product specification 
will establish a low level at the output. 

Supply voltages, Vgp. Vcc. Vpp. VpPp 


The voltages supplied to the corresponding voltage pins that are required for the device to function. From 
one to four of these supplies may be necessary, along with ground, VSs. 


Time Intervals 


New or revised data sheets in this book use letter symbols in accordance with standards recently adopted 
by JEDEC, the IEEE, and the IEC. Two basic forms are used. The first form is usually used in this book 
when intervals can easily be classified as access, cycle, disable, enable, hold, refresh, setup, transition, 
or valid times and for pulse durations. The second form can be used generally but in this book is used 
primarily for time intervals not easily classifiable. The second (unclassified) form will be described first. 
Since some manufacturers use this form for all time intervals, symbols in the unclassified form are given 
with the examples for most of the classified time intervals. 


Unclassified time intervals 


Generalized letter symbols can be used to identify almost any time interval without classifying it using 
traditional or contrived definintions. Symbols for unclassified time intervals identify two signal events listed 
in from-to sequence using the format: 


tAB-CD 


Subscripts A and C indicate the names of the signals for which changes of state or level or establishment 
of state or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning 
and end of the time interval. Every effort is made to keep the A and C subscript length down to one letter, 
if possible (e.g., R for RAS and C for CAS). 


Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals 
represented by A and C, respectively. One or two of the following is used: 


H = high or transition to high 

= low or transition to low 

= a valid steady-state level 

= unknown, changing, or ‘‘don’t care”’ level 
= high-impedance (off) state 


ip We <B 
| 


The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. 
For examples of symbols of this type, see TMS4256 (e.g., tRLCL). 
Classified time intervals (general comments, specific times follow) 


Because of the information contained in the definitions, frequently the identification of one or both of the 
two signal events that begin and end the intervals can be significantly shortened compared to the unclassified 
forms. For example, it is not necessary to indicate in the symbol that an access time ends with valid data 
at the output. However, if both signals are named (e.g., in a hold time), the from-to sequence is maintained. 
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Access time 


The time interval between the application of a specific input pulse and the availability of valid signals at 
an output. 


Example symbology: 


Classified Unclassified Description 

ta{A) tAVOV Access time from address 

ta(S), ta(CS) tSLOV Access time from chip select (low) 
Cycle time 


The time interval between the start and end of a cycle. 

NOTE: The cycle time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval that must be allowed for the digital circuit to perform a specified function (e.g., read, 
write, etc.) correctly. 


Example symbology: 


Classified Unclassified Description 
tc(R), te(rd) tAVAV(R) Read cycle time 
tc(W) tAVAV(W) Write cycle time 
NOTE: R is usually used as the abbreviation for ‘‘read’’; however, in the case of dynamic memories, 


‘“‘rd’’ is used to permit R to stand for RAS. 
Disable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from either of the defined active levels (high or low) to a high-impedance 
(off) state. 


Example symbology: 


Classified Unclassified Description 
tdis(S) tSHOZ Output disable time after chip select (high) 
tdis(W) tWLOZ Output disable time after write enable (low) 


These symbols supersede the older forms tpyz or tpxz. 
Enable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from a high-impedance (off) state to either of the defined active levels 
(high or low). 

NOTE: For memories these intervals are often classified as access times. 


Example symbology: 


Classified Unclassified Description 
ten(SL) tSLOV Output enable time after chip select low 


These symbols supersede the older form tpzy. 
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Hold time 
The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal. 


NOTES: 1. The hold time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the 
shortest interval for which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct 
operation of the digital circuit is guaranteed. 


® 

Example symbology: E 

Classified Unclassified Description 3 

th(D) tWHDX Data hold time (after write high) =] 

th(RHrd) tRHWH Read (write enable high) hold time after RAS high ws 

th(CHrd) tCHWH Read (write enable high) hold time after CAS high 7} 

th(CLCA) te1-CAX Column address hold time after CAS low 2 

th(RLCA) tRL-CAX Column address hold time after RAS low rT) 

th(RA) tRL-RAX Row address hold time (after RAS low) c 

Bech 

These last three symbols supersede the older forms: ry 

NEW FORM OLD FORM O 

i 

th(CLCA) th(ACL) 2° 

th(RLCA) th(ARL) r= 

th(RA) th(AR) | g 

NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the 5 

classified form. In the case of hold times, this causes the order to seem reversed from what ro) 

would be suggested by the terms. a 

Pulse duration (width) = 

The time interval between the specified reference points on the leading and trailing edges of the pulse — 

waveform. > 

Example symbology: S 

Classified Unclassified Description S 

tw(W) tWLWH- Write pulse duration TG) 
tw(RL) tRLRH Pulse duration, RAS low 


Refresh time interval 


The time interval between the beginnings of successive signals that are intended to restore the level in 
a dynamic memory cell to its original level. 


NOTE: The refresh time interval is the actual time interval between two refresh operations and is 
determined by the system in which the digital circuit operates. A maximum value is specified 
that is the longest interval for which correct operation of the digital circuit is guaranteed. 


Example symbology: 
Classified Unclassified Description 


trf Refresh time interval 
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Setup time 


The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 


NOTES: 1. The setup time is the actual time interval between two signal events and is determined 
by the system in which the digital circuit operates. A minimum value is specified that is 
the shortest interval for which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for 
which correct operation of the digital circuit is guaranteed. 


Example symbology: 


Classified Unclassified Description 

tsu(D) tDVWH Data setup time (before write high) 

tsu(CA) tCAV-CL Column address setup time (before CAS low) 
tsu(RA) tRAV-RL Row address setup time (before RAS low) 


Transition times (also called rise and fall times) 


The time interval between two reference points (10% and 90% unless otherwise specified) on the same 
waveform that is changing from the defined low level to the defined high level (rise time) or from the defined 
high level to the defined low level (fall time). 


Example symbology: 


Classified Unclassified Description 
tt Transition time (general) 
tt(CH) tCHCH Low-to-high transition time of CAS 
tr(C) tCHCH CAS rise time 
tf(C) tCLCL CAS fall time 
Valid time 
(a) General 


The time interval during which a signal is (or should be) valid. 
(b) Output data-valid time 


The time interval in which output data continues to be valid following a change of input conditions 
that could cause the output data to change at the end of the interval. 


Example symbology: 
Classified Unclassified Description 
tv(A) tAaxox Output data valid time after change of address. 


This supersedes the older form tpy x. 
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MEANING 
TIMING DIAGRAM INPUT OUTPUT 
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS 
Must be steady high or low Will be steady high or low | 
Will be changing f high 
High-to-low changes he Oe anging ae. ‘3 
; to low some time during 
permitted i : 
designated interval 
Low-to-high changes Will be changing from low 
ie permitted to high sometime during 
designated interval 
OOK) Don’t Care State unknown or changing 


9,9,0,9.0,9.0.0.0.0.0.6 
PIII III IIIs 


Centerline represents high- 
(Does not apply) 


A 


impedance (off) state. 


PART IV — BASIC DATA SHEET STRUCTURE 


The front page of the data sheet begins with a list of key features such as organization, interface, 
compatibility, operation (static or dynamic), access and cycle times, technology (N or P channel, silicon 
or metal oxide gate), and power. In addition, the top view of the device is shown with the p/nout provided. 
Next a general description of the device, system interface considerations, and elaboration on other device 
‘characteristics are presented. The next section is an explanation of the device’s operation which includes 
the function of each pin (i.e., the relationship between each input (output) and a given type of memory). 
The functions basically involve starting, achieving, and ending a given type of memory cycle (e.g., 
programming or erasing EPROMs, or reading a memory location). 


Augmenting the descriptive text there appears a /ogic symbol! prepared in accordance with ANSI/IEEE Std 
91-1984 and IEC Publication 617-12 and explained in Section 11 of this book. Following the symbol is 
usually a functional block diagram, a flowchart of the basic internal structure of the device showing the 
signal paths for data, addresses, and control signals, as well as the internal architecture. Usually the next 
few pages contain the absolute maximum ratings (e.g., voltage supplies, input voltage, and temperature) 
applicable over the operating free-air temperature range. \f the device is used outside of these values, it 
may be permanently destroyed or at least it would not function as intended. Next, typically, are the 
recommended operating conditions, (e.g., supply voltages, input voltages, and operating temperature). 
The memory device is guaranteed to work reliably and to meet all data sheet parameters when operated 
in accord with the recommended operating conditions and within the specified timing. If the device is 
operated outside of these limits (minimum/maximum) it is no longer guaranteed to meet the data sheet 
parameters. Operation beyond the absolute maximum ratings can result in catastrophic failures. 


The next section provides a table of e/ectrica/ characteristics over full ranges of recommended operating 
conditions (e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, 
and maximum values. Typical values are representative of operation at an ambient temperature of TA = 
25°C with all power supply voltages at nominal value. Next, input and output capacitances are presented. 
Each pin has a capacitance (whether an input, an output, or control pin). Minimum capacitances are not 
given, as the typical and maximum values are the most crucial. 
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The next few tables involve the device timing characteristics. The parameters are presented as minimum, 
typical (or nominal), and maximum. The timing requirements over recommended supply voltage range and 
operating free-air temperature indicate the device control requirements such as hold times, setup times, 
and transition times. These values are referenced to the relative positioning of signals on the timing diagrams, 
which follow. The switching characteristics over recommended supply voltage range are device performance 
characteristics inherent to device operation once the inputs are applied. These parameters are guaranteed 
for the test conditions given. The interrelationship of the timing requirements to the switching characteristics 
is illustrated in timing diagrams for each type of memory cycle (e.g., read, write, program.) 


At the end of a data sheet additional applications information may be provided such as how to use the 
device, graphs of electrical characteristics, or other data on electrical characteristics. 


ee 
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TMS4256, TMS4257 


262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


Performance Ranges: 


ACCESS 
TIME 


ACCESS 
TIME 


Vpp 


MAY 1983—REVISED JANUARY 1988 


N PACKAGE SD PACKAGE 
@ 262,144 x 1 Organization (TOP VIEW) (TOP VIEW) 
” 
@ Single 5-V Power Supply => 
— 5% Tolerance Required for TMS4256-8 A6 fs or - 
— 10% Tolerance Required for TMS4256-10, See cate cs 
-12, -15, and TMS4257-10, -12, -15 Bee ae ) 
W[37 ° 
JEDEC Standardized Pinouts Aol? t e 
4 c c 
Al : = 
se 4t os 


TOLERANCE 


DEVICE 


742568 | 80s | 
‘4256-10 
azsr10| 22° 
'4256-12 
eas ia| | 
’4256-15 

pass] 


Long Refresh Period . 


| sons | 22008] 210% 


. 4 ms (Max) 


Operations of the TMS4256/TMS4257 Can 
Be Controlled by Tl’s SN74ALS2967, 
SN74ALS2968, and THCT4502 Dynamic 
RAM Controllers 


All Inputs, Outputs, and Clocks Fully TTL 
Compatible 


3-State Uniatched Outputs 


Common 1/O Capability with ‘‘Early Write’’ 
Feature | 


Page Mode (‘4256) or Nibble-Mode (‘4257) 
Low Power Dissipation 

RAS-Only Refresh Mode 

Hidden Refresh Mode 

CAS-Before-RAS Refresh Mode 


Available with MIL-STD-883B Processing 
and L(O°C to 70°C), E(—40°C to 85°C), or 
$(-—55°C to 100°C) Temperature Ranges 
(SMJ4256, with 10% Power Supply) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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FM PACKAGE 
(TOP VIEW) 


Address Inputs 
Column-Address Strobe 
Data In 

No Connection 

Data Out 

Row-Address Strobe 
5-V Power Supply 


Ground 
Write Enable 


Copyright © 1983, Texas Instruments Incorporated 
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262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


description 


The TMS4256 and TMS4257 are high-speed, 262,144-bit dynamic random-access memories, organized 
as 262,144 words of one bit each. They employ state-of-the-art SMOS (scaled MOS) N-channel double- 
level polysilicon/polycide gate technology for very high performance combined with low cost and improved 
reliability. 


The ‘4256-8 with a 5% voltage tolerance has a maximum RAS access time of 80 ns. The 
'4256/'4257-10, -12, and -15 with 10% voltage tolerances have maximum RAS access times of 
100 ns, 120 ns, and 150 ns, respectively. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a — 1 V input voltage 
undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The ‘4256 and ‘4257 are offered in 16-pin plastic dual-in-line, 16-pin plastic zig-zag in-line (ZIP), and 18-lead 
plastic chip carrier packages. They are guaranteed for operation from 0°C to 70°C. The dual-in-line package 
is designed for insertion in mounting-hole rows on 7,62-mm (300-mil) centers. 


operation 
address (AO through A8) 


Eighteen address bits. are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then the 
nine column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 

chip select, activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle, permitting 
common |/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In a read-modify-write cycle, the output will follow the sequence for the read cycle. 


EXAS 4 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than: RAS (see parameter tCLRL) and 
holding it low after RAS falls (see e parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 


hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vj, after a read operation and cycling RAS after a specified precharge period, similar to 
a CAS-before-RAS refresh cycle. The external address is also ignored during the hidden refresh cycles. 
The data at the output pin remains valid up to the maximum CAS low pulse duration, tw/(CL). 


page mode (TMS4256) 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 


nibble mode (TMS4257) 


Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 


sequence: 


5 RRR a SR Ee POS ERS OSE TT ot Le ES EOF. =, be Re A PRTETE IN EH 


In nibble-mode, all normal memory operations (read, write, or read-modify-write) may be performed in any 
desired combination. 


power-up 


To achieve proper device operation, an initial pause of 200 us is required after power up, followed by a 
minimum of eight initialization cycles. 
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logic symbolt 


RAM 256K X 1 
20D9/21D0 


(5) 


pipe Sas 
262,143 


20D17/21D8 


é SINWH oilweudg 
5 


CAS 


o = 


TThis symbol is in accordance with ANSI/IEEE Std. 91-1084 and IEC Publication 617-12. 
The pin numbers shown are for the 16-pin dual-in-line package. 


functional block diagram 


TIMING AND CONTROL 


ROW 

32K ARRAY DECODE 32K ARRAY 
ROW 

32K ARRAY DECODE 32K ARRAY 


ROW 
ADDRESS 
BUFFERS 


(8) 


110 . 
—a——| BUFFERS 
COLUMN DECODE ama ee 
AQ > Se 
SELEC- 
Al TION 
A2 32K ARRAY ROW 32K ARRAY : 
COLUMN DECODE 
A3 ADDRESS 
AS (8) 
ROW 
AG 32K ARRAY otcope | 32K ARRAY 
AT 
COLUMN _ 
AB ROW 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


Voltage range for any pin, including Vpp supply (see Note 1) ..................0.. -1Vto7V 
RemerE TC TUMOG ALIEN CUNT ON a Gee ss pee foc 5s o's pee a oe ee a Re 50 mA 
ee TIIRURRE NT A ig > 5 APSE og cag ccc aie aaa ee se 0 6 oe eae Pelee wig ew ule we ee 1W 
Onerating free-air temperature. range . ....o sn a. 6 ee ee a a a ae SA Gee Os O° 10-70°C 
Dare TOMGOrOtUTe PRIS 2... )ci cera tec ons oR Oy a be Sev pS —-65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp Supply voltage ('4256/'4257-10, -12, -15) 


Ta Operating free-air temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet 
for logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TMS4256-10 
TMS4257-10 UNIT 


MIN MAX 


TEST TMS4256-8 
CONDITIONS 


PARAMETER 


VOH High-level output voltage 
VoL __ Low-level output voltage lo. = 4.2 mA 


All other pins = 0 V to 6.5 V 
Vo = OVto 5.5 V, 
during read or write cycle Output open 
After 1 memory cycle, 
Ipp2 Standby current RAS and CAS high, 
Output open 
te = minimum cycle, 
Ipp3 Average refresh current RAS cycling, CAS high, 
Output open 
tc(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low, CAS cycling, 
Output open 
, tc(N) = minimum cycle, 
Ipp5 Average nibble-mode current RAS low, CAS cycling, 
: Output open 


TEST TMS4256-12 TMS4256-15 
P . 
ARAMETER CONDITIONS TMS4257-12 TMS4257-15 UNIT 
Vv 


OH _— High-level output voltage lon = -—5mA 
VoL _ Low-level output voltage lol = 4.2 mA 


- SINWH dilweudg 


3 
> 


° 2) 


All other pins = 0 V to 6.5 V 
Vpp = 5 V, CAS high 
during read or write cycle Output open 
After 1 memory cycle, 
Ipp2 Standby current RAS and CAS high, 
Output open 
te = minimum cycle, 
Ipp3 Average refresh current RAS cycling, CAS high, 
Output open 
te(P) = minimum cycle, 


Ipp4 Average page-mode current RAS low, CAS cycling, 
Output open 


tce(N) = minimum cycle, 
Ipp5 Average nibble-mode current RAS low, CAS cycling, 
Output open 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 
Cia) Input capacitance, address inputs ‘ 
Ci(p) ‘Input capacitance, data input 


Ci(Rc) Input capacitance strobe inputs 
Ci(w) Input capacitance, write enable input 
Co Output capacitance 


” 
= 
z 
& 
E 
i) 
5. 
OQ 


switching characteristics over recommended supply voltage range and operating free-air temperature 


range | 
TMS4256-10 
ALT. TMS4256-8 
PARAMETER SYMBOL TMS4257-10 | UNIT 
ae tRLCL = MAX, Cy = 100 pF, 
t A t f CAS t 
: ener tRLCL = MAX, Ci = 100 pF, 
t A t f RAS t 
a(R) yor ae Reads Midi) Load = 2 Series 74 TTL gates RAC 


an Output disable time Ci = 100 pF, ¢ 0 20 
dis(CH) otter CAS high Load = 2 Series 74 TTL gates Ore ; 
‘atx TMS4256-12 | TMS4256-15 
PARAMETER TEST CONDITIONS Sy nee T™MS4257-12 | TMS4257-15; UNIT 


: tRLCL = MAX, Cy = 100 pF, 
t A t f CAS t 75 
a(C) sc seen aos cab Load = 2 Series 74 TTL gates Cac 
aes" s tRLCL = MAX, Cy = 100 pF, 

t A t f RAS t 

a(R) Pete ere Load = 2 Series 74 TTL gates jen 
‘eh Output disable time CL = 100 pF, ; 
dis(CH) otter TAS high Load = 2 Series 74 TTL gates ot 


TEST CONDITIONS 


4 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


timing requirements over recommended supply voltage range and operating free-air temperature range 


TMS4256-10 
T™TMS4256-8 
[_rwsaases TMS4257-10 | UNIT 


tce(P) Page-mode cycle time (read or write cycle) 
tc(PM) Page-mode cycle time (read-modify-write cycle) 


te(rd) Read cycle time! 
te(w) Write cycle time 


tw(CH)P Pulse duration, CAS high (page mode) 


S SINWH dilweudg 


, CAS hi 
twi(CL) Pulse duration, CAS lowt 40 50 
tw(RH) Pulse duration, RAS high 7 
,RA 


10) 
80 10,000 | 100 _ 10,000 


tsi(rd) Read-command setup time 


te(rdW) Read-write/read-modify-write cycle time 
tw(CH) Pulse duration, CAS high (non-page mode) 


Early write-command setup time 
before CAS low 


tsu(WCH) | Write-command setup time before CAS high 


tsu(WCL) 


tsu(WRH) | Write-command setup time before RAS high 


th(RHrd) 
th(CLW) Write-command hold time after CAS low 


th(RLW) Write-command hold time after RAS low 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 

TAIl cycle times assume ty = 5 ns. 

tina read-modify-write cycle, tcLWL and tgu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (twiCL)). This applies to page-mode read-modify-write also. : . 
Sin a read-modify-write cycle, tRLWL 2Nd tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (ty (RL))- 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


timing requirements over recommended — voltage range and operating free-air temperature range 
(continued) 


iP = 
TMS4256-8 sii gemigts 
TMS4257-10 


UNIT 


tRLCH Delay time, RAS low to CAS high 
tCHRL Delay time, CAS high to RAS low 
tCLRH Delay time, CAS low to RAS high 


= Dynamic RAMs 


Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 
to guarantee access time) 


; Delay time, RAS low to W low : Bs 
RLWL (read-modify-write cycle only) RWD 
trf Refresh time interval Ze ae 


Continued next page. 
NOTE 3: Timing measurements are referenced to Vj, max and Vip min. 


{CAS-before-RAS refresh only. 
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~ TMS4256, TMS4257 


262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


timing requirements over recommended supply voltage range and operating free-air temperature range 


& SINVWH diweudg 


(continued) 


UNIT 


ALT TMS4256-12 TMS4256-15 
PARAMETER ; TMS4257-12 T™MS4257-15 
SYMBOL 
tc(P) Page-mode cycle time (read or write cycle) 
tc(PM) Page-mode cycle time (read-modify-write cycle) 


P 
tPCM 
teird) Read cycle time! 
te(W) Write cycle time 
te(rdW) Read-write/read-modify-write cycle time tRWC 


tcp 
‘CPN 
ee 60 10,000 | _75__10,000 


tw(RL) Pulse duration, RAS low tRAS 120 10,000 | 150 10,000 
tw(W) ° Write pulse duration twp 


tT 
tASC 
taCS 


tsu(WCL) Early write-command setup time before CAS low twcs 
tsu(WCH) | Write-command setup time before CAS high tCWL 
tsu(WRH) | Write-command setup time before RAS high tRWL 


thi(CLCA) | _Column-address hold time after CAS low tC AH 
th(RA) Row-address hold time tRAH 


tAR 
‘DH 
(RCH 
tRRH 
'WCH 
{WCR 


faa 
wD 


ct 


= 
5 | io) 


Continued next page. 


NOTE 3: Timing measurements are referenced to Vj, max and Vj} min. 

TAII cycle times assume te = Sons. 

tin a read-modify-write cycle, tCLWL 2Nd tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(cL)). This applies to page-mode read-modify-write also. 

Sin a read-modify-write cycle, tRLWL and tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 


PARAMETER 


TMS4256-12 TMS4256-15 
TMS4257-12 TMS4257-15 


UNIT 


: 


tRLCHR Delay time, RAS low to CAS high! tCHR 
tCLRL Delay time, CAS low to RAS low! 


iS eae 

Ficus Delay tive, CAS ow wo RAS Wow tse 
za eS 

Feniicl Delay te, FAS igh CAS iow! ———SSS«d te 
AS low to W low (reed modify eras 

REREACNEl 

peng eee ae 


tCLWL Delay time, CAS low to W low (read-modify-write cycle only) 


Delay time, RAS low to CAS low (maximum value specified 
tRLCL ; tRCD 
only to guarantee access time) 


tRLWL Delay time, RAS low to W low (read-modify-write cycle only) 


tref Refresh time interval 


NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 
{CAS-before-RAS refresh only. 


NIBBLE-MODE CYCLE 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


ALT. TMS4257-10 | TMS4257-12 TMS4257-15 
PARAMETER UNIT 
symeo.___—[ MIN MAX | MIN MAX | MIN MAX | 


timing requirements over recommended supply voltage range and operating free-air temperature range 


ih TMS4257-1 
PARAMETER o | tms4267-12 | 1Ms4257-15 | | 
sc | MIN MAX | MIN MAX | MIN MAX | 


ieee Rete Gr eel RE eee See eS 


Nibble-mode read-modify- 

write cycle time 

tech Nibble-mode delay time, 
CAS low to RAS high 
Nibble-mode delay time, 

*CLWLN GAS to W delay 


Nibble-mode pulse duration, 
*wiCLN) GAS tow 


te(rdWN) 


Nibble-mode pulse duration, 
*wiCHN) GAS high 


Nibble-mode write command 
setup before CAS high 


tsu(WCHN) 


NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


read cycle timing 
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ee ee Vavay, ¥ Vavavavaray, XX} | KX X XXX ava, YY Vavay, YX 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


early write cycle timing 


ViH 
RAS | Vf 
ge VIL 
Fens Ta exe = h— tw(RH) = 
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I i Be pee twi(CL) ————w! | 
a —~ pe tt 
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i I 
i l 
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“tags ——j—— tsu(WCH) ——-——"™ i 


| beet tsu(wrRH)) —————=4 


i 
ith(RLW) td 
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xX DON’T CARE , Y 
AY AY hv hv AY YY ha (ViN7) 


V 
tenth thicLw) —e= (XKKKKX VAVAVAVATAVAVAVAYAT, KKK KKK X 1H 
Sodies : ANY % YY (XX DON’T CARE KY WY XY YY 


{ r—t+-+—._ tw(w) ———————, 
| 1 kee —+'- thiCLD} ot 
WKY VV VV VVVYX XXX ULKKKK KKK KY VV VV VT KKK KK KKK ViH 
D DON'T CARE XXX) ES OAS i TT GARE SOR x 
—™= r= tsu(D) 1 
I 
be th(RLD)) ——————_»1 VoH 
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TMS4256, TMS4257 | 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


write cycle timing 
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1! 
—wi = tsu(D) jm—ent— tdis(CH) 
{> tent —= | 


VOH 
QQ ————————————_ HI-2 NOT VALID 


VOL 


TThe enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(C)) in a read cycle; but the active levels at 
the output are invalid. 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


read-write/read-modify-write cycle timing 
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| | Ties win 
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NOTE 4: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 5: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 6: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 


9SZVSWL 


AYOWAW SSI9I0V-NOONVY JINVNAG LId-pyL'792Z 


TMS4257 


262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY 


nibble-mode read cycle timing 
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 TMS4461 
262,144-BIT MULTIPORT VIDEO RAM 


JULY 1986—REVISED FEBRUARY 1988 


65,536 x 4 Organization N PACKAGE SD PACKAGE 


(TOP VIEW) (TOP VIEW) 
Dual-Port Accessibility — Four !/Os for 


Sequential Access, Four I/Os for Random 
Access 


@ One Serial Data Register Built into Each 
Serial 1/O for Sequential-Access Applications » 


@ Designed for Video and Non-Video 
Applications 


Fast Serial Ports . . . 25-MHz Shift Rate 


= Dynamic RAMs 


Mid-Scan Load — Serial Data Streams 
Uninterrupted by Register Reload 


@ TRG as Output Enable Allows Direct 
Connection of DQ and Address Lines to 
Simplify System Design 


@ Random-Access Port Is Compatible with the 
TMS4464, 64K x 4 DRAM 


© Supported by TI's TMS34061 Video System | 


Controller and TMS34010 Graphics System ash or ata la 
Processor (GSP) CAS Column-Address Strobe 
; DQ1-DQ4 Random-Access Data In/ 
@ 3-State Serial I/Os Allow Easy Multiplexing ; Data-Out/Write-Mask Bit 
of Video Data Streams RAS Row-Address Strobe 
@ Maximum Access Time from RAS sc Serial Data Clock 
$DQ1-SDQ4 _ Serial Data In/Data Out 
... 120 ns 
SG Serial Enable 
@® Minimum Cycle Time (Read or TRG Transfer Register/ 
Write)... 220 ns - Q Output Enable 
@ Long Refresh Period .. . 4 ms VDD ay Suey 
Vss Ground 
Low Refresh Overhead Time . . . As Low As WE Write-Mask Select/ 


1.3% of Total Refresh Period Write Enable 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


@ 3-State Unlatched Random-Access Outputs @ CAS-Before-RAS Refresh and Hidden 
Refresh Modes 


@ Common Random-Access |/O Capability 


with ‘Early Write’’ Feature @ Low-Power Dissipation 
% High-Speed Page-Mode Operation for Faster @ 24-Pin, 400-Mil Dual-in-line Package or 
Access 24-Pin, Zig-Zag In-line Package (ZIP) 
description 


The TMS4461 is a high-speed dual-ported 65,536 x 4 bit dynamic random-access memory with on-chip 
data registers. The random-access port makes the memory look as if it is organized as 65,536 words of 
four bits each, like the TMS4464. The sequential-access port is interfaced to four internal 256-bit dynamic 
data registers, which make the memory look as if it is organized as 256 four-bit words of up to 256 bits 
each that are accessed serially. 


The 256K Multiport Video RAM employs state-of-the-art scaled NMOS, double-level polysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform | 
to specifications per the terms of Texas Instruments 4-27 
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The TMS4461 features full asynchronous dual-port accessibility except when transferring data between 
the data register and the random-access memory. 


Refresh period is 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. Note that 
the transfer of a row of data from the memory array to the data register also refreshes that particular row. 
CAS-before-RAS and hidden refresh modes are also available. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on-chip to simplify system design. All data outs are unlatched to allow greater system 
flexibility. 


The 256K Multiport Video RAM is offered in a 24-pin dual-in-line plastic package (N suffix) and is guaranteed 
for operation from O°C to 70°C. The package is designed for insertion in mounting-hole rows on 10,16-mm 
(400-mil) centers. 


The TMS4461 Multiport Video RAM is also offered in a 24-pin zig-zag plastic package (SD suffix), 
guaranteed for operation from O°C to 70°C. 


functional block diagram 


8 
or 64K x 1 64K x 1 64K x 1 64K x 1 
RAS MEMORY MEMORY MEMORY MEMORY 
= | 


DQ1 DQ2 DQ3 Da4 


CAS 
| 
256-BIT 256-BIT 256-BIT 256-BIT 
DATA REGISTER | DATA REGISTER | DATA REGISTER | DATA REGISTER 
l 
l 
———$_—_— I r 
ABS SERIAL 
sc LOGIC/ SERIAL SERIAL SERIAL SERIAL 
SG COUNTER 


ee ARAN AA , 


-—-——_——— — -_—-—— ee — et eet et et eet et leet et et eee et ee ee ee —— ot oe 
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random port to serial port interface 


The TMS4461 Multiport Video RAM consists of a 64K x 4 DRAM port and a 256 x 4 serial port. Each 
of the four random (DRAM) I/Os is interfaced to a 256-bit data register that can be loaded with 256 bits 
in parallel from any row in that I/O channel’s memory then read out sequentially starting from one of 256 
selectable locations along the data register. Conversely, each of the four data registers can be loaded with 
data serially from the serial input (SD) and subsequently transferred, 256 bits in parallel, into any row of 


memory for each respective DRAM I/O channel. 


block diagram showing one random and serial interface 


<-—————256 COLUMNS————=>4 


pa 
{COL COL | 
lo 255 | 
MEMORY ARRAY 
65,536 BITS 
Je] 256 
TRANSFER 
TRG pale TRANSFER PASS GATES 
RAS 


256 


CAS 
256-BIT DATA REGISTER 


Sc SERIAL 


256 
8 ADDRESS SERIAL DECODER/MUX “Gi 


SERIAL 
SG MODE 


ONTROL 
sDQ 


random-access address space to sequential-address space mapping 


The 256 bits in each of the four data registers correspond to the 256 column locations of each of the 
four random I/Os. Data can be read out of the registers starting at any of the 256 data register bit locations. 


This tap location is selected by addresses A7 through AO on the falling edge of CAS during a transfer 
cycle between the memory array and the data registers. All registers are read out starting from the selected 
tap point proceeding from the least-significant bits to the most-significant bits. The four data registers 
are configured as circular data registers when reading their contents to the serial outputs. After the most- 
significant bit (bit 255) is read out of each register, the next bit read will be OO (see explanation under 
section entitled ‘‘serial data input/output’’). 
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Note that if column address bits A7 through AO equal O00 during the last memory-to-register transfer cycle, 
a total of 256 bits can be sequentially read out of each of the four data registers starting from bit position OO. 


operation 


random-access operation 


‘transfer register select (TRG) 


The TRG selects either register transfer or random-access operation as RAS falls. To use the TMS4461 in 
random-access mode, TRG must be held high as RAS falls. Holding TRG high as RAS falls causes the 
256 storage elements of each data register to remain disconnected from the corresponding 256 bit lines 
of the memory array. If serial data is to be written in or read out of the data registers, the data registers 
must be disconnected from the bit lines. Holding TRG low as RAS falls enables the 256 switches that 
connect the data registers to the bit lines and indicates that a transfer will occur between the data registers 
and the selected memory row. 


random output enable (TRG) 


During random-access operations, TRG functions as an output enable for the random outputs after the 
read access times have been satisfied (if this is a read cycle). Whenever TRG is held high, the Q outputs 
will be in the high-impedance state. This feature removes the possibility of an overlap between data on 
the address lines and data appearing on the O outputs making it possible to connect the address lines 
to the data I/O lines— although use of this organization prohibits the use of the early write cycle. It also 
allows read-modify-write cycles to be performed by providing a three-state condition to the common I/O 
pins to allow write data to be driven onto the pins after output read data has been externally latched. 


address (AO through A7) 


Sixteen address bits are required to decode one of 65,536 storage cell locations. Eight row-address bits 
are set up on pins AO through A7 and latched onto the chip on the falling edge of RAS. Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip on the falling edge of CAS. 
All row and column addresses must be stable on or before the falling edges of RAS and CAS respectively. 
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is 
used as a chip select, activating the device input and output buffers. CAS is also used to strobe the column 
address into the memory. \ : 


write-mask enable (WE) 


The WE pin selects the random-mode write-mask option. The TMS4461 random port is equipped with 
two modes of write operations. If WE is held low on the falling edge of RAS (during a random access 
operation), the write mask is enabled. Accordingly, a 4-bit binary code (the mask) is input to the device 
via the random DQ pins and is also latched on the falling edge of RAS. This binary pattern determines 
which of the four DRAM 1/Os will be written into on that access and which DRAM I/Os will not. Thus, 
after RAS has latched the write mask on on chip, input data is driven onto the DQ pins and is latched on 
the falling edge of the latter of CAS or WE (for early write operation, WE can remain low for the entire 
RAS low period). If a O was strobed into a particular 1/O pin on the falling edge of RAS, then the write 
circuits for that particular I/O will be defeated and data will not be written to that I/O. If a 1 was strobed 
into a particular I/O pin on the falling edge of RAS, then the write circuits for that particular I/O will not 
be defeated and data will be written to that I/O. See the corresponding timing diagrams for details. 
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Important: The mask operation is selected only if WE is held low on the falling edge of RAS. If WE is held 
high on the falling edge of RAS the mask is not enabled and the write operation is identical to 
standard x4 DRAMs, with all four I/Os being written by the data appearing on the DQ pins when the latter 
of WE or CAS is brought low. Thus, if it is not desired to use the mask function, then a pidare 
DRAM timing interface can be used. 


WRITE MASK FUNCTION TABLE 


Oa 0s a Reels Ra eae 


Write enabled at DO01-DQ4 
1 Write to DQ enabled 
1@) Write to DQ disabled 


NOTE 1: The logic states in the table above are assumed valid on the falling edge of RAS. 


write enable (WE) 


The read or write mode is selected through the write-enable (WE) input. A logic high on the WE input 
selects the read mode and a logic low selects the write mode. The write-enable terminal can be driven 
from standard TTL circuits without a pull-up resistor. The data input is disabled when the read mode is 
selected. When WE goes low prior to CAS, data out will remain in the high-impedance state for the entire 
cycle. 


data I/O (DQ1-DQ4) 


Memory data is written during a write or read-modify-write cycle. The falling edge of WE strobes data 
into the on-chip data latches. These latches can be driven from standard TTL circuits without a pull-up 
resistor. In an early write cycle, WE is brought low prior to CAS and the data is strobed in by 
CAS with data Setup and hold times referenced to this signal. In a delayed-write or read-modify-write cycle, 
CAS will already be low. Thus, the data will be strobed in by WE with data setup and hold times 
referenced to this signal. The three-state output buffers provide direct TTL compatibility (no pull-up resistors 
required) with a fanout of two Series 74 TTL loads. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state as long as CAS or TRG is held high. Data will not appear at the 
outputs until after both CAS and TRG have been brought low. 


Once the outputs are valid, they will remain valid while CAS and TRG are low. CAS or TRG going high 
will return the outputs to a high-impedance state. In an early write cycle, the outputs are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. In a register-transfer operation (memory-to-register or register-to-memory), the outputs 
remain in the high impedance state for the entire cycle, regardless of transitions on CAS or TRG. 


write mask bits (DQ1-DQ4) 


When the write mask is enabled (WE low on the falling edge of RAS), the write mask bits determine which 

DRAM 1/Os are to be written and which of the DRAM I/Os will have their write operations internally defeated. 

The state of the write mask bits is latched on-chip on the falling edge of RAS and selectively 

controls the internal write enable circuits of each corresponding DRAM 1/O. If the write mask is not enabled 

(WE high on the falling edge of RAS), then no write enable circuits will be defeated and data appearing 

at the DQ1-DQ4 pins on the falling edge of RAS will be pha See timing diagrams and the table under 
‘write mask enable (WE)’’ for details. 
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refresh 


A refresh operation must be performed to each row at least once every four milliseconds to retain data. 
Since the output buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence 
avoids any output during refresh. Strobing each of the 256 row addresses with RAS causes all bits in 
each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
Note that the data registers are dynamic storage elements and that the data held in the registers will be 
lost unless SC is clocked 2 times or else the data is reloaded from the memory array. See specifications 
for maximum register retention times. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS (see parameter tcLR\). 
The external row address is ignored and the refresh address is generated internally. 


column-address strobe (CAS) 
The CAS input latches the column addresses on-chip and also functions as an output enable for D01-DQ4. 
page mode 


Page-mode operation allows faster memory access by keeping the same row address and strobing random 
column addresses onto the chip. Thus, the time required to set up and strobe row addresses for the same 
page is eliminated. The maximum number of columns that can be addressed is determined by tw (RL), the 
maximum RAS low pulse duration. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 us immediately prior to initialization. Initialization consists of performing eight RAS 
cycles and one memory-to-register transfer cycle with an SC cycle following the rising edge of TRG before 
proper device operation is achieved. 


sequential-access operation 
transfer register select (TRG) 


Memory operations involving parallel use (i.e., transfer from memory to data register or data register to 
memory) of the data register are invoked by bringing TRG low with the address lines AO-A7 before RAS 
falls. This enables the switches connecting the 256 elements of each data register to the 256 bit lines - 
of each DRAM I/O. The states of WE and SG, which are also latched on the falling edge of RAS, 
determine whether the 256-bit data transfer will be from the memory array to the data registers or from 
the data registers to memory array, as well as determining if the SDQs are in read or write mode (see 
‘transfer operation logic table’’). 


Note that the state of TRG is latched on the falling edge of RAS just like a row address, to select the mode 
of operation. During read or read-modify-write cycles, TRG functions as output enable after CAS falls. 


transfer write enable (WE) 


In register transfer mode, WE determines whether a transfer will occur from the data registers to the memory 
array, or from the memory array to the data registers. To transfer data from the data registers to the memory 
array, WE and SG are held low as RAS falls. If SG were to be high during this transition, then no transfer 
of data from the data register to the memory array would occur, but the SDQs would be put into the write 
mode. This would allow serial data to ‘be written into the register. To transfer from the memory array to 
the data registers, WE is held high and SG is a don’t care as RAS falls. This cycle puts the SDQs into 
the read mode, thus allowing serial data to be read out of the data register. Note that WE and SG setup 
and hold times are referenced to the falling edge of RAS for this mode of operation (see ‘‘transfer operation 
logic table’). 
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row address (AO through A7) 


Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the data registers. (The states of AO-A7, WE, TRG, and SG are latched on the falling edge of RAS.) 


register column address (AO through A7) 


To select one of the 256 positions along each of the four data registers from which the first serial data 
will be read out, or to which the first serial data will be written, the appropriate 8-bit column address (AO-A7) 
must be valid when CAS falls during the appropriate transfer cycle. 


serial data clock (SC) 


Data is written in or read out of the data registers on the rising edge of SC. This makes it possible to view 
the data registers as though they were made of 256 positive-edge-triggered D flip-flops which connect 
D to OQ (not to be confused with the DQ random 1/O pins of the TMS4461). The TMS4461 is designed 
to work with a wide range duty cycle clock to simplify system design. 


serial data input/output (SDQ1-SDQ4) 


= Dynamic RAMs 


SD and SQ share a common 1/O pin. Data is written in when SG is low during write mode, and data is 
read out when SG is low during read mode (see ‘‘transfer operation logic table’’). Note that when the serial 
address counter reaches its maximum value of 255, it is reset to 00 with the next positive transition of 
SC. This allows data to be read out in a continuous loop. 


block diagram of one serial 1/O 


DATA REGISTER 


sc SERIAL 256 
ADDRESS 
A0O-A7 COUNTER 


SERIAL DECODER/MUX 


sda 


SERIAL 
SG MODE 


CONTROL 
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serial enable (SG) 


The serial enable pin has two functions. First, it is used on the falling edge of RAS, with both TRG and 
WE low. If SG is low during this transition, then a register-to-memory transfer will occur. On the other 
hand, if SG were to be high as RAS falls, then a write-mode control cycle will be performed. The function 
of this cycle is to switch the SDQs from the output mode to the input mode, thus allowing serial data 
to be written into the data register. Second, SG is used as a SDOQ enable/disable. In the write mode, SG 
is used as an input enable. SG high disables the input, and SG low enables the input. To take the device 
out of the write mode and into the read mode, a memory-to-register transfer cycle must be performed. 
The read mode allows data to be read out of the data register. SG high disables the output and SG low 
enables the output. Note that the serial address counter will be incremented on each SC cycle regardless 
of the state of SG. 


TRANSFER OPERATION LOGIC TABLE 


Register to memory transfer and 


write-mode enable 
Write-mode enable 
Memory-to-register transfer 


NOTE 2: The logic states in the table above are assumed valid on the falling edge of RAS. Ina 
serial write-mode to read-mode sequence, the first positive transition of SCLK after the 
memory-to-register transfei will change the SDQs from three-state to output mode. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range for any pin except Vpp and data out (see Note 3) ..................4: =1to7V 
Voltage range for Vpp supply with respect to VSS..........-. 2. eee ee ee ee ee ee =) ta 7 V 
Voltage range for data out with respect to VSS............-222 2 eee ee ees —-1to Vpp + 0.3 V 
SHOCE GiCONt OLN DUT CUrreOnt HEl OUT 63k 8k ro ae ee hae eee es waepeee 50 mA 
EO EILUT TS! UTS, ae OS ara cia ct ana APE RD CaS ReMi: iE RRS ue oe img geen ee ee 1W 
Operating trae-nit temperature. . ee he Es Pe eee OPE to 70°C 
SUOTaee Fhrratre- FANS: a. nk dia oo so ky crete igee clk slate ee pe eee =—65°C to: 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 


only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


NOTE 3: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Ta Operating free-air temperature 


NOTE 4: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 


for logic voltage levels only. 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


TEST $4461-12 TMS4461-15 
PARAMETER CONDITIONS UNIT 


VOH High-level output voltage lIoH = -5 mA 
VOL Low-level output voltage lo. = 4.2 mA 


V; = OV to 6.5 V, 
Input current (leakage) Vpp = 5 V. 
All other pins = O V 
Vo = 0.4 V to 5.5 V, 
Vpp = 5 V 
Average operating current Minimum cycle time, 
IDD1 during read, write, or transfer | No load on DO 
cycle (serial port in standby) and SDQ pins 
After 1 memory cycle, 
RAS, CAS, SC, and 
SG = 2.4V, 
No load on DQ and SDOQ pins 
Minimum cycle time, 
RAS < 0.8 V, CAS = 2.4 V, 
No load on DQ and SDQ pins 
Minimum cycle time, 
RAS < 0.8 V, CAS cycling, 
No load on DQ and SDQ pins 
tc(SC) = MIN, 
RAS and CAS = 2.4 V, 
No load on DQ and SDO pins 
Minimum cycle time 
on both ports, 
No load on DQ and SDOQ pins 


yA 


lo Output current (leakage) 


Standby current 
(total, both ports) 


IDD2 


™ - 
+10 
+10 
75 


Average refresh current 


Average page-mode current 


| 
DD4 (serial port in standby) 


Average current with memory 
IDD5 array in standby and 
register shifting 


Worst case average current 
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capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHz 


Ci(we) Input capacitance, write enable input 


Ci(isc) 'nput capacitance, serial clock 
Ci(isG) Input capacitance, serial enable 


Ci(TRG) !nput capacitance, transfer register input 


Co Output capacitance 


PARAMETER 
ta(C) Access time from CAS 


ta(R) Access time from RAS 


Access time of DQ 
‘alTRG) trom TRG low 
Access time of SQ 
fro SC high 
Access time of SQ 
from SG low 


ta(SC) 


ta(SG) 


Random-output disable 


tdj Ra ES 
dis(CH) time from CAS high 


Random-output disable 


t . 
dis(TRG) time from TRG high 


Serial-output disable 


tdis(SG) time from SG high 


TEST 

CONDITIONS 
Load = 2 Series 74 TTL gates, 
Ci = 100 pF, tric, = Max | 
Load = 2 Series 74 TTL gates, 
Cy = 100 pF, trict = Max 
Load = 2 Series 74 TTL gates, 
Cy = 100 pF 
Load = 2 Series 74 TTL gates, 
C_ = 50 pF 
Load = 2 Series 74 TTL gates, 
CL = 50 pF 
Load = 2 Series 74 TTL gates, 
CL = 15 pF 
Load = 2 Series 74 TTL gates, 
Ci = 100 pF 
Load = 2 Series 74 TTL gates, 
Ci = 15 pF 
Load = 2 Series 74 TTL gates, 
Ci = 100 pF 
Load = 2 Series 74 TTL gates, 
CL = 15 pF 
Load = 2 Series 74 TTL gates, 
C_ = 50 pF 


PARAMETER | MIN MAX | UNIT 


Cita Input capacitance, address inputs 
Ci(RC) ‘Input capacitance, strobe inputs 


SYMBOL 


tso 
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symeo. | WIN MAX. 

fae Wines on eee : 
etna) Read-writeraed mediate oye ame tre | 2 
Retre 2 Tahiioe teal ove og 2 ae : 
a miwasewe Te c 

tc(P) Page-mode read or write cycle time DET TO Ba > ieee, Q. 

tc(rdwP) Page-mode read-write/read-modify-write cycle time | tawe | 195] 

tc(Sc Serial clock cycle time 50 50,00 

twiCH) Pulse duration, CAS duration (precharge time) tcp PEABO. bce 2 Paes 


twiCL) Pulse duration, CAS low? tCAS 60 10,000} 75 10,0 


120 10,000 : 


tw(RH) Pulse duration, RAS high (precharge time) 
twiRL) Pulse duration, RAS low § 

tw(W) Write pulse duration 

tw(SCL) Pulse duration, SC low 

tw(SCH) Pulse duration, SC high 


tw(TRG) TRG pulse duration low time 

tt Transition times (rise and fall) tT 
tsu(CA) | Column-address setup time 

tsu(RA) | Row-address setup time 


WE setup time before RAS low with TRG low 


t 
su(RW) (register transfer cycles) 


tws 
- DQ setup time before RAS low with TRG ; 
su(DQ) high (random access, write mask select) DTS 
tsu(D) Data setup time ES 
tsu(rd)  Read-command setup time | -trcs | 
tsu(WCL) Early write-command setup time before CAS low | twes | 
tsu(WCH) Write-command setup time before CAS high 


tsu(WRH) Write-command setup time before RAS high: 
tsu(SD) Serial data setup time before SC high 


tsu(TRG) TRG setup time before RAS low 
tsu(SG) SG setup time before RAS low with TRG and WE low 
tsu(wM) WE setup time before RAS low (write mask select) 


thiCLCA) Column-address hold time after CAS low 
th(RA) Row-address hold time 


thiRW) WE hold time after RAS low with TRG low (transfer cycles) tWH 


= 
o1 
oO 
ond 
oO 
8 
o e oO 


4 
1 ¢ 2) 
aw 


Continued next page. 

NOTE 5: Timing measurements referenced to Vj, max and Vjy min. 

TAIl cycle times assume ty = 57s. 

+in a read-modify-write cycle, tCLWL and tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time [tw (cL)]. 

Sin a read-modify-write cycle, tai wt and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time [tw RL)]- 
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(continued) 
ALT. ™MS4461-12| TMS4461-15 
SYMBOL 


UNIT 


th(RLCA) Column-address hold time after RAS low 
th(CLD) Data hold time after CAS low 

th(RLD) Data hold time after RAS low 

th(WLD) Data hold time after WE low 


th(CHrd) Read-command hold time after CAS high tRCH 


tRRH 
tWCH 


th(RLW) Write-command hold time after S low tWCR 


th(WQE) TRG hold time after WE low 
thiSD) Serial data-in hold time after SC high 
thiSQ) Serial data-out hold time after SC high 


th(TRG) TRG hold time after RAS low tTSH 


th(RDrd) Read-command hold time after RAS high 


thicLwW) Write-command hold time after CAS low 


a SINWH dilweudg 


RA 
th(DQ) DQ hold time after RAS low with TRG high and WE low tpoTH 
th(SG) SG hold time after RAS low with TRG and WE low 
th(wM) WE hold time after RAS low (write mask select) 
tRLCH Delay time, RAS low to CAS high tCSH 
tCHRL Delay time, CAS high to RAS low tcrRP 
tCLGH _ Delay time, CAS low to TRG high tOEHC 
tCLRH Delay time, CAS low to RAS high 


tcLWL Delay time, CAS low to WE low (read-modify-write cycle only)! tcwD 


Delay time, RAS low to TRG high Early load # 


“SIN 
oy o 


t 
RLTH (memory-to-register transfer cycle) Mid-line real-time load 
; Delay time, RAS low to the first positive transition i 
RLSH of SC after TRG high (register transfer cycle) SCHR 
tTHRL Delay time, TRG high to RAS low after a transfer cycle tRSLT 
‘ Delay time, CAS low to the first positive transition of : 
CLSH SC after TRG high (register transfer cycle) SCHC 
Delay time, SC high to RAS low with TRG and WE low 
tSHRL ‘ st tRSLS 
(register-to-memory transfer cycle) 
Delay time, SC high to TRG high 
tSHTH 


(memory-to-register transfer cycle) U 


Continued next page. 

NOTE 5: Timing measurements are referenced to Vj, max and Viy min. 

| TRG must disable the output buffers prior to applying data to the device. 

# TRG may be brought high early during a memory-to-register transfer cycle as long as the th(TRG) tSHTH- 4nd tRLSH specifications are met. 

* In a register-to-memory transfer cycle, the state of SC when RAS falls is a don’t care condition. However, to guarantee proper sequencing 
of the internal clock circuitry there can be no positive transitions of SC for at least 40 ns prior to when RAS goes low. See the section entitled 
‘‘sequential access operation’’ for a complete explanation of the transfer operation. 

Uina memory-to-register transfer cycle, the state of SC when TRG rises is a don’t care condition. However, to guarantee proper sequencing 
of the internal clock circuitry there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high. See the section 
entitled ‘‘sequential access operation’’ for a complete explanation of the transfer operation. 
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(concluded) 
™MS4461-12| TMS4461-15 
UNIT 
Syme. [MIN MAK|” MIN — MAK” 


roy ie: i Sieh manent eve) tow 


: Delay time, RAS low to CAS low (maximum value specified only to ; 
RLCL guarantee R RAS access time) RCD 


Delay time, CAS low to TRG low (maximum value specified to 
tCLGL ; tpCT 
guarantee column access time) 


tRLWL ed time, RAS low to sa low (read- eed nate -write eee ovale only) 


tGHD Delay time, TRG high before data applied at DO ! tepp | 
trf(MA) Refresh time interval, memory array | tREF1 | 
trf(SR) Refresh time interval, data register tREF2 


NOTE 5: Timing measurements are referenced to Vj, max and Vjy min. 
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tsu(TRG) = Let uk Eo rah ace —ol 
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NOTE 6: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late write 
feature is used to guarantee page-mode cycle time. ; 
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NOTE 7: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late 
write feature is used to generate page-mode cycle time. Timing also assumes that only those I/Os selected by DQ1-DQ4 on 
the falling edge of RAS are written during page-mode operation. 
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write-mode control timing 


The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This 
allows serial data to be written into the data register. The diagram below assumes that the device was 


originally. in the serial read mode. 
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a XXX X xx) i { (XX xX XXX \/ XxXKKXKK XX xX YOOX XXX \/ XXX XX xX Vavav, 
WE QF ORR KKK . 
Sea TR 7— tw(SCH) | 
83 CLES Ser 
tSHRL — Vin 
; AEE RS Vi 
| tw(SCL) 
11 pet PS tsp) 
i tsu(SD)—. 1 i Vin 
D AT A | | CX XX Vavay, Vavavavay, XxX) xX xxx xX xx) 
soo unt —— ORR RO, DRS 
tdis(SG) Se = tes reee 
tsu(SG) ———_=y reese Ve 
wae xXKKK XY RX xX xxx V/\/ VavaVay, xXxXX xX) ' 
SE UXKKY RE BONT. SARE MOD me 


NOTES: 8. Random-mode (Q outputs) remain in 3-state for the entire write-mode control. 
9. SG must be high as RAS falls in order to perform a write-mode control cycle. 
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data-register-to-memory timing, serial input enabled ’ 
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The data-register-to-memory cycle is used to transfer data from the data register to the memory array. 
Every one of the 256 locations in the data register is written into the 256 columns of the selected row. 
Note that the data that was in the data register may have arrived there either from a serial write in or 
from a parallel load of the data register from one of the memory array rows. The diagram below assumes 
that the device is presently in the serial-write mode (i.e., SD is enabled by a previous write-mode control 
cycle, thus allowing data to be written in). 


be———— tric 
p@— tw(CL)—} 


Lah I 
CAS I | \! 
| 
| 


l 
pe th(RLCA) 1 
tsu(RA) +<—»! —e| pe tsu(CA) 
jth(RA) I h 


TA’ A’ AYA? 


A0-A7 ¢) 
4: 0 ‘ ) | 
Lg———sel—thiTRG) |! be}—————>t— tTHRL 
tsu(TRG) —-—o]_ | | | | 
"AYA‘A’A’ | | t | TAY RX "AA AAAS’ A AAA A'A*ATA’s* ViH 
Boos” : Yon 


| VIH 
| | 
iniSD) tw(SCL) —<————»} 
Ww 
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tsu(SD) —<a—ao] 
PP MEPS XKKKYY ViH 


¢ 


ViH 


VIL 


NOTES: 10. Random-mode (Q outputs) remain in 3-state for the entire data-register-to-memory transfer cycle. 


11. SG must be low as RAS falls in order to perform a register-to-memory transfer. 
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memory-to-data register timing 


The memory-to-data-register cycle is used to load the data register in parallel from the memory array. Every 
one of the 256 locations in the data register are written into from the 256 columns of the selected row. 
Note that the data that is loaded into the data register may be either read out or written back into another 
row. This cycle puts the device into the serial read mode (i.e., the SQ is enabled, thus allowing data to 
be read out of the register). 


Also, the first bit to be read from the data register, after TRG has gone high, must be activated by a positive 
transition of SC. 


re 
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1"? 
poa———— hiRLCA) +-4+——} 
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| 
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| p@ta(sc)-o | ‘ 
jet tw (SCL) f 
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NOTES: 12. Random mode (Q outputs) remain in 3-state for the entire memory-to-data-register transfer cycle. 
13. Column address must be supplied to load register start address on every transfer cycle. 
14. The first positive transition of SC after TRG has gone high, during a memory-to-register transfer cycle, is used to read the first 
bit of new data. 
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serial data-in timing 


The serial data-in write cycle is used to write data into the data register. Before data can be written into 
the data register via SD, the device must be put into the write mode by performing a write-mode control 
cycle. Register-to-memory transfer cycles occurring between the write-mode control cycle and the 
subsequent writing in of data will not take the device out of the write mode. But, a memory-to-register 
transfer cycle during that time will take the device out of the write mode and put it into the read mode, 
thus not allowing the writing in of data. 
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| P | 
| aE ae Na 
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NOTE 15: While writing data into the data register, the state of TRG is a don’t care as long as TRG is held high when RAS goes low. 
This is to avoid the initiation of a register-to-memory or memory-to-register data-transfer function. 


St 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


4-56 


TMS4461 
262,144-BIT MULTIPORT VIDEO RAM 


serial data-out timing 


The serial data-out read cycle is used to read data out of the data register. Before data can be read out 
via SQ, the device must be put into the read mode by performing a memory-to-data-register transfer cycle. 
Register-to-memory transfer cycles occurring between the memory-to-register transfer cycle and the 
subsequent reading out of data will not take the device out of the read mode. But, a write-mode control 
cycle at that time will take the device out of the read mode and put it in the write mode, thus not allowing 


the reading out of data. 


EID oP) Oy Wine NRT See a 
7 sae twiSCH)—e | 
f-—tw(SCL)—o 


pt— tw(SCL)— 
| | 
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| 
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r—tnisa) 


7 — ta(SC) ——»} 
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NOTE 16: While reading data out of the data register, the state of TRG is a don’t care as long as TRG is held high when RAS goes low. 


This is to avoid the initiation of a register-to-memory or memory-to-register data-transfer operation. 
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NOVEMBER 1983 — REVISED JUNE 1987 


65,536 x 4 Organization N PACKAGE 
(TOP VIEW) 


Single 5-V Supply (10% Tolerance) 
JEDEC Standardized Pinout 


Pinout Identical to TMS4416 (16K x 4 
Dynamic RAM) 


@ Performance Ranges: 


ACCESS ACCESS READ _ READ- 


i. Dynamic RAMs 


TIME TIME OR MODIFY- 
ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE ; FM PACKAGE 
MAX MAX MIN MIN (TOP VIEW) 


TMS4464-10 100 ns 50 ns 200 ns 270ns 
TMS4464-12 120 ns 60 ns 220 ns 295 ns 
TMS4464-15 150 ns 75 ns 260 ns 345 ns 


Long Refresh Period . . . 4 ms (Max) spp," Ke 
Low Refresh Overhead Time. . . As Low As RASII5 
1.3% of Total Refresh Period A6 LJ6 


On-Chip Substrate Bias Generator A5 [7 


All Inputs, Outputs, and Clocks Fully TTL 
Compatible 


3-State Unlatched Output 


Early Write or G to Control Output Buffer 


impedance AO-A7 Address Inputs 


Page-Mode Operation for Faster Access CAS Column-Address Strobe 


tee a : DQ1-DQ4 Data In/Data Out 
Power Dissipation As Low As: = 


— Operating . . . 330 mW (Max) 
— Standby... 25 mW (Max) 


Output Enable 
Row-Address Strobe 


: 5-V Supply 
(for 150 ns devices) aie 
RAS-Only Refresh Mode Write Enable 


CAS-Before-RAS Refresh Mode 


Available with MIL-STD-883C, Class B 
Processing and S (-—55°C to 110°C) 
Temperature Ranges (SMJ4464) 


description 


The TMS4464 is a high-speed, 262,144-bit dynamic random-access memory, organized as 65,536 words 
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide © 
gate technology for very high performance combined with low cost and improved reliability. 


This device features maximum RAS access times of 100 ns, 120 ns, or 150 ns. Power dissipation maximums 
are 330 mW operating and 25 mW standby for 150-ns devices. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. IpDp peaks are 125 mA typical, and a — 1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. | 


PRODUCTION DATA documents contain information A Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to '/ 

spec Hoetene per - saben of Texas hen bgt TEXAS 4-59 
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All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TMS4464 is offered in 18-pin plastic dual-in-line and 18-lead plastic chip carrier packages. It is 
guaranteed for operation from 0°C to 70°C. The dual-in-line package is designed for insertion in mounting- 
hole rows on 7,62-mm (300-mil) centers. 


operation 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set 
up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 


W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 


common |/O operation. 
data in (DQ1-DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In a delayed or read-modfy-write cycle, G must be high to bring the output buffers 
to high impedance prior to impressing data on the |/O lines. 


data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) and t ta(G) are satisfied. The output 
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G 
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output 
must be put in the high-impedance state prior to applying data to the DQ input. This is HAC OMBIENES by 
bringing G high prior to applying data, thus satisfying tGHD. 


output enable (G) 


The G input controls the impedance of the output buffers. When G is high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers putting them 
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low-impedance state they will remain in the low-impedance 
state until G or CAS is brought high. 
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refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see parameter tRi CHR). For successive CAS-before-RAS refresh cycles, CAS 
can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 


hidden refresh 


. Dynamic RAMs 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vj, after a read operation and cycling RAS after a specified precharge period, similar to 
a CAS-before-RAS refresh cycle. The external address is also ignored during the hidden refresh cycles. 
The data at the output pin remains valid up to the maximum CAS low pulse duration, tw(CL). 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to set up and strobe row addresses for 
the same page is eliminated. The maximum number of columns that can be addressed is determined by 
tw(RL), the maximum RAS low pulse duration. 


power up 


To achieve proper device operation, an initial pause of 200 us is required after power up, followed by a 
minimum of eight initialization cycles. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


Voltage on any pin including Vpp supply (see Note 1).......................06. “EAE 
SOT rt Ot CLOT OT os oo Pee ee ee es a ee xe ee eb ee eG 50 mA 
ee Eee a aA Se SP To DRS CLES PGI AEN SY GEE ISP SRI? are DR ae Sr LG ae 3 1W 
Gomcating tree- Bir Temiier ature. ae no ee de i earn a ee ee O°C t0°70*0 
DiSree TECNORLOTe FON oe. . Sees ic So eee ee Ok oe oe ae ne ab -65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. . 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 
Vpp Supply voltage 4.5 5 5.5 
Vss_Suppiy voltage oor eee 


Vi High-level input voltage 2.4 


Ta Operating free-air temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet 
for logic voltage levels only. 
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logic symbolt 


RAM 64K X 4 
20D8/21D0 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 20D15/21D7 
C20(ROW] 

G23/[REFRESH ROW] 
24/PWR DWN] 


RAS 


CAS 


oi S| 


DQ1 A,22D 
V 26 
DQ2 
DQ3 


DQ4 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 


functional block diagram 


ROW 
32K ARRAY 
w 
32K ARRAY ei 32K ARRAY 
DECODE 


COLUMN DECODE es e-a 


32K ARRAY ve 32K ARRAY 
DECODE 
ROW 
32K ARRAY 32K ARRAY 
DECODE 


ROW 
ADDRESS 
BUFFERS 
(8) 


vO 
BUFFERS 
(4) 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 


DQ1-DQ4 
COLUMN 


ADDRESS 
BUFFERS 
(8) 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


| Input current (leakage) UA ey Fe See Nata ee 
ut cur 
x y All other pins = 0 V to 6.5 V 
Vo = OVto 5.5 V, Vpp = 5 V, 
lo Output current (leakage) ene: 
CAS high, All outputs open 


Average operating current = 
Ipp1 > tc = minimum cycle, All outputs open 
during read or write cycle 
After 1 memory cycle, D01-DQ4 held at 
Ipp2 Standby current somed EE oye 
> OV, RAS and CAS high, All outputs open 
te = minimum cycle, RAS low, CAS high, 
Ipp3 ~ Average refresh current 
All outputs open 
tc(P) = minimum cycle, RAS low and 
Ipp4 Average page-mode current | —— 
CAS cycling, All outputs open , 


PARAMETER TEST CONDITIONS 


VOH High-level output voltage IOH = -5S mA SS 
VoL Low-level output voltage lo. = 4.2 mA 
I Input current (leakage) 0 V to 6.5 V, Vpp 5 V, All other pins = OV to 6.5 V 


Vi = = 
lo Output current (leakage) Vo = 0Vto 5.5 V, Vpp = 5 V, CAS high, All outputs open 


> Dynamic RAMs 


Average operating current 
IDD1 : , te = minimum cycle, All outputs open 
during read or write cycle 


| Standb . After 1 memory cycle, DQ1-DO4 held at > 0 V 
an curren 
es RAS and CAS high, All outputs open 


‘ 


Ipp3 + Average refresh current c = minimum cycle, RAS low, CAS high, All outputs open 


tc(P) = minimum cycle, RAS low, CAS cycling, 
Ipp4 Average page-mode current mA 
All outputs open 
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Capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


TMS4464 
PARAMETER 


Ci(A) Input Capacitance, address inputs 


Ci(RC) Input capacitance, strobe inputs 
Ci(w) Input capacitance, write enable input 


Ci/o Output capacitance 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range | 


| MIN MAX | MIN” MAX | 
See eet oe 
Load = 2 Series 74 TTL gates *RAC 
tGAC 
tOFF 
tG 


ta(R) | Access time from RAS UGE ee Oe eee | trac 
: : ge Ci = 100 pF, 
a(G)_., Access time after.G low Load = 2 Series 74 TTL gates 
Load = 2 Series 74 TTL gates 
Load = 2 Series 74 TTL gates 


ALT. TMS4464-15 
PARAMETER TEST CONDITIONS SYMBOL UNIT 
caine tRLCL 2 MAX, Cy = 100 pF, 
A f A t 75 
ta(C) ccess time from CAS Load = 2 Series 74 TTL gates GAC 
RES, tRLcL = MAX, Cy = 100 pF, 
t A t f RAS t 


a ace 
a ie 
ere ake ee 
a ace 
ce 


tot | A time after Gl Mee t 40 
m r 
a(G) CCR S RIES PUnr eee Load = 2 Series 74 TTL gates GAC 
oy 5 Cy = 100 pF, 
ae Output disable t fter CAS high t ) 30 
1 Miah Sea laa i ond , Load = 2 Series 74 TTL gates je | 
t Output disable t fter G high we ae t ) 30 n 
} Ss 
dis(G) a oo i eed a a ne Load = 2 Series 74 TTL gates Serr 


Tac) and ta(R) Must be satisfied to guarantee ta(G). 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(see Note 3) j 


ALT. TMS4464-10 TMS4464-12 NIT 
SYMBOL 
tc(P) Page-mode cycle time 


NO 
(2) 


- te(rd) Read cycle time? 0) 


Su eae 200 eee 
tceirdw)  Read-write/read-modify-write cycle time OC ees 


120 
20 
tw(CH)P Pulse duration, CAS high (page mode) ee eB eee 
60 10,000 
10,000 120 10,000 
tw(W) Write pulse duration 
tt Transition times (rise and fall) for RAS and CAS 3 50 
35 
35 
20 
30 
30 
30 


0 
100 
0 


Ww 


tsu(CA) | Column-address setup time 
tsu(RA) Row-address setup time 


tsu(D) Data setup time 


[rs] 
Tre] 
ie 28 
we 
ae 
Ea 
eee 
np | 
os | 
ons 
Tre _| 
ae 
pees 
PE nae 
| 
a 
Bene 
Sanat 
aces 
Be ee Ce 
Pb [ns] 
Sa anes ee 
aah eee Bes 
eee 
PS nae 
ee 
cee 
ano se 
oe 


th(RA) Row-address hold time 
th(RLCA) Column-address hold time after RAS low 
thi(CLD) Data hold time after CAS low : tpH 


Ww 


0 Pia. Sere 
0 ee Sees 


—_ 
Oo 


0 
30 
0 ee Ga 


3 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vj, MAX and Vjy MIN. 

TAI cycle times assume ty = 5 ns. 

tin aread-modify-write cycle, tcLWL and tsy(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL)). 

8in a read-modify-write cycle, tri wL and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw(RL))- 


” 
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4 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) (see Note 3) 


ALT. TMS4464-10 TMS4464-12 UNIT 
symeo.| MIN MAX | MIN. MAX | 


tRLCH Delay time, RAS low to CAS high Be is So ees 
"CRS low to RAS hi ar eae eye 


Ie 


ep) 


tCLRH Delay time low to RAS high 
tCcLWL___ Delay time, CAS low to W low (read-modify-write cycle only) ft Soe oe eee 
celne  Deey nine EE dae 1 PAS tew ees: slo, ome 


Delay time, RAS low to CAS low (maximum value specified 
tRLCL tRCD 25 50 25 60 


only to guarantee access time) 


Refresh time interval 


trf 


NOTE 3: Timing measurements are referenced to Vj, MAX and Vjy MIN. 
{ CAS-before-RAS refresh option only. 
# G must disable the output buffers prior to applying data to the device. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) (see note 3) | 


ee es oe ed 
symBot [MIN MAX 

Tt mae eee ee eee ee 
eM ET aie WC EE a ee 
Pa ah a eae see eS 
a nee ee ee ee 
eda Rendnarlishoed: modi ae Were 
ee oem gla ee a 
ancy Poel oi ERE Nh on tego mis STS OT ae ge 
Spe Mewes ee ae ee 
Fr LT a Cee eS aa 
a esi ee ee ee 
Bol) ag TTS Se a IE ra air RRR ae mee an 
tt Transition times (rise and fall) for RAS and CAS ise ES BEE eS Gt SE, 
a etree ee 
i ee aly we Se ee 
amine ee 
Sei Teter eine ep ee 
oo i coanamemenmeneee oS ae ee 
Bee iicuinnean dine \abe Mina eee 
ae eae: Oo ole he 
Gy Codes Dewi ye a ee 
Cake ee ee 
eam radnrken ARC vag ho ee 
Tp ememor. ee a ee 
co Se ne ee 
io itivdete Co ae ee 
th(CHrd) | Read-command hold time after CAS high ARGH at < Gale Se es 
aia iran pati weg eed ae ee 
th(CLW) | Write-command hold time after CAS low eS ee eee Se 
th(RLW) | Write-command hold time after RAS low ete ee 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vij_ MAX and Vy MIN. 

TAIl cycle times assume ty = 5 ns. 

+in a read-modify-write cycle, tc_ yw and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw CL)). 

8in a read-modify-write cycle, tay wi and tsu(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw (RL))- 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) (see Note 3) 


ALT. TMS4464-15 
UNIT 


icLaH Delay time, CAS low to FAS nigh 
tCLWL__ Delay time, CAS low to W low (read-modify-write cycle only) # pan ah. as 


Delay time, RAS low to CAS low (maximum value specified 


. SINWH 2lweudg 


t 
RLCL only to guarantee access time) 


tRLWL Delay time, RAS low to W low (read-modify-write cycle only) # Cs ae ee ae 
tGHD Delay time, G high before data applied at DO " 


trf Refresh time interval 


NOTE 3: Timing measurements are referenced to Vii MAX and Vj} MIN. 
{ CAS-before-RAS refresh option only. 
# G must disable the output buffers prior to applying data to the device. 
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read cycle timing 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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NOTE 5: A write cycle or read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications 
are not violated. 
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RAS-only refresh cycle timing 
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TMS440251 
262,144 BY 4-BIT MULTIPORT VIDEO RAM 


AUGUST 1988 


DRAM: 262,144 Words x 4 Bits 
SAM: 512 Words x 4 Bits 


_ DJ PACKAGE SD PACKAGE 
(TOP VIEW) (TOP VIEW) 


@® Dual Port Accessibility— Simultaneous and 
Asynchronous Access from the DRAM and 
SAM Ports 


@ Bidirectional Data Transfer Function 
Between the DRAM and the Serial Data 
Register 


@ 4 x 4 Block Write Feature for Fast Area Fill 
Operations. As Many as Four Memory 
Address Locations Written Per Cycle From 
an On-Chip Color Register 


@ Write Per Bit Feature for Selective Write to 
Each RAM 1/O. Two Write Per Bit Modes to 
Simplify System Design 


@ Enhanced Page Mode Operation for Faster 


ADVANCE INFORMATION a Dynamic RAMs 


Access : 
CAS-before-RAS and Hidden Refresh Modes 
RAM Output Enable Allows Direct AO-A8 Address Inputs 
Connection of DQ and Address Lines to CAS Column Enable 
Simplify System Design DQO-DQ3 DRAM Data In-Out/ 
: Write Mask Bit 
Long Refresh Period . . . Every 8 ms (Max) SE rte Osa 
DRAM Port is Compatible with the RAS Row Enable 
TMS44C256 SC Serial Data Clock 
S 2 SDQ0-SDQ3 Serial Data In-Out 
@ Up to 33 MHz Uninterrupted Serial Data +RG Tribe tise Rewicter/O Cukpat 
Streams 
Enable 
@ Split Serial Data Register for Simplified Ww Write Mask Select/ 
Realtime Register Reload Write Enable 


Special Function Select 


@ 3-State Serial 1/Os Allow Easy Multiplexing 


e Split Register Activity Status 
of Video Data Streams 


5-V Supply (TYP) 


@ 512 Selectable Serial Register Starting Ground 
Locations Ground (Important: not 


connected to internal Vss) 


All Inputs and Outputs TTL Compatible 
Performance Ranges: 


ACCESS ACCESS ACCESS ACCESS 
TIME TIME TIME TIME 

ROW COLUMN SERIAL SERIAL 

ADDRESS ENABLE DATA ENABLE 

(MAX) (MAX) (MAX) (MAX) 
ta(R) ta(C) ta(SC) ta(SE) 

TMS44C251-10 100 ns 25 ns 30 ns 20 ns 
TMS44C251-12 120 ns 35 ns 35 ns 25 ns 
TMS44C251-15 150 ns 45 ns 40 ns 30 ns 


@ Texas Instruments EPIC” CMOS Process 


=PIC is a trademark of Texas Instruments Incorporated. 


ADVANCE INFORMATION documents contain s Copyright © 1988, Texas Instruments Incorporated 

alia nn — — in me! — or Ti 4 
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descripton 
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The TMS44C251 Multiport Video RAM is a high speed, dual ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262,144 words of 4 bits each, interfaced to a serial data 
register, or Serial Access Memory (SAM), organized as 512 words of 4 bits each. The TMS44C251 supports 
three basic types of operation: random access to and from the DRAM, serial access to and from the serial 
register, and bidirectional transfer of data between any row in the DRAM and the serial register. Except 
during transfer operations, the TMS44C251 can be accessed simultaneously and asynchronously from 
the DRAM and SAM ports. During transfer operation, the 512 columns of the DRAM are connected to 


_ the 512 positions in the serial data register. The 512 x 4 bit serial data register can be loaded from the 


memory row (transfer read) or else the contents of the 512 x 4 bit serial data register can be written 
to the memory row (transfer write). 


The TMS44C251 is equipped with several features designed to provide higher system level bandwidth 
and simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw 
rates can be achieved by the device’s novel 4 x 4 Block Write Mode. Block Write mode allows four bits 
of data present in an on-chip color data register to be written to any combination of four adjacent column 
address locations. As many as 16 bits of data can be written to memory during each CAS cycle time. 
Also on the DRAM port, a write mask register provides a persistent write per bit mode without repeated 
mask loading. 


On the serial register, or SAM port, the TMS44C251 offers a split register transfer read (DRAM to SAM) 
option which enables realtime register reload implementation for truly continuous serial data streams, 
without critical timing requirements. The register is divided into a high half and a low half. While one half 
is being read out of the SAM port, the other half can be loaded from the memory array. This new realtime 
register reload implementation allows truly continuous serial data. For applications not requiring realtime 
register reload (for example, reloads done during CRT retrace periods), the single register mode of operation 
is retained to simplify system design. The SAM can also be configured in input mode, accepting serial 
data from an external device. Once the serial register within the SAM is loaded, its contents can be 
transferred to the corresponding column positions in any row in memory in a single memory cycle. 


The SAM port is designed for maximum performance. Data can be input to or accessed from the SAM 
at serial rates up to 33 MHz. During split register mode of operation, internal circuitry detects when the 
last bit position is accessed from the active half of the register and immediately transfers control to the 
opposite half. A separate open drain output, designated OSF, is included to designate which half of the 
serial register is active at any given time in split register mode. 


All inputs, outputs, and clock signals on the TMS44C251 are compatible with Series 74 TTL. All address 
lines and data-in are latched on-chip to ay system design. All data-outs are unlatched to allow greater 
system flexibility. 


The TMS44C251 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved 
reliability. 


The TMS44C251 is offered in a 28-pin small-outline J-leaded package (DJ suffix) for direct surface mounting 
in rows on 400-mil (5,08-mm) centers. It is also offered in a 400-mil, 28-pin zig-zag in-line package (SD 
suffix). Both packages are characterized for operation from O°C to 70°C (L suffix). 


The TMS44C251 and other Multiport Video RAMs are supported by a broad line of graphics processor 
and control devices from Texas Instruments, including the TMS34010 Graphics System Processor. 
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TMS440251 
262,144 BY 4-BIT MULTIPORT VIDEO RAM 


DETAILED PIN DESCRIPTION vs OPERATIONAL MODE 


po ee ee | TRANSFER ee 


Row, Column Address Row, Tap Address 

Column Enable Tap Address Strobe 

DRAM Data 1/O Write Mask Bits 

Serial-lIn Mode Enable Serial Enable 

Row Enable Row Enable 
Serial Clock 
Serial Data 1/O 

Q Output Enable Transfer Enable 

Write Enable Write per Bit Select Transfer Write Enable 

Block Write Enable Split Register Enable 

Persistent Write per Bit Enable Alternate Write Transfer Enable 

Color Register Load Enable 

Write per Bit Mask Load Enable 


. SINVH olweudAg 


‘Split Register 
Active Status 


5-V Supply (typical) 
Device Ground 
System Ground 


operation 
random access operation 


Refer to Table 1, Functional Truth Table, for Random Access and Transfer Operations. Random access 
operations are denoted by the designator ‘’R’’ and transfer operations are denoted by a ‘’T.”’ 


transfer register select and DQ enable (TRG) 


The TRG pin selects either register or random access operation as RAS falls. For random access (DRAM) 
mode, TRG must be held high as RAS falls. Asserting TRG high as RAS falls causes the 512 storage elements 
of each data register to remain disconnected from the corresponding 512-bit lines of the memory array. 
(Asserting TRG low as RAS falls connects the 512-bit positions in the serial register to the bit lines and 
indicates that a transfer will occur between the data registers and the selected memory row. See ‘‘Transfer 
Operation’’ for details.) 


During random access operations, TRG also functions as an output enable for the random (Q) outputs. 
Whenever TRG is held high, the Q outputs are in the high-impedance state to prevent an overlap between 
the address and DRAM data. This organization allows the connection of the address lines to the data |/O 
lines but prohibits the use of the early write cycle. It also allows read-modify-write cycles to be performed 
by providing a three-state condition to the common |/O pins so that write data can be driven onto the 
pins after output read data has been externally latched. 


addresses (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row address bits 
are set up on pins AO through A&8 and latched onto the chip on the falling edge of RAS. Then, the nine 
column address bits are set up on pins AO through A8 and latched onto the chip on the falling edge of CAS. 
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262,144 BY 4-BIT MULTIPORT VIDEO RAM 


RAS and CAS address strobes and device control clocks 


RAS is a control input that latches the states of the row address, W, TRG, SE, CAS, and DSF onto the 
chip to invoke the various. DRAM and Transfer functions of the TMS44C251. RAS is similar to a chip enable 
in that it activates the sense amplfiers as well as the row decoder. CAS is a control input that latches 
the states of the column address and DSF to control various DRAM and Transfer functions. CAS also acts 
as an output enable for the DRAM output pins. 


special function select (DSF) 


The Special Function Select input is latched on the falling edges of RAS and CAS, similarly to an address, 
and serves four functions. First, during write cycles DSF invokes persistent write per bit operation. If TRG =1, 
W =O, and DSF =0 on the falling edge of RAS, the write mask will be reloaded with the data present on 
the DQ pins. If DSF = 1 , the mask will not be reloaded but will retain the data from the last mask reload cycle. 


Second, DSF is used to change the internally stored write per bit mask register (or write mask) via the 
load write mask cycle. The data present on the DO pins when W falls is written to the write mask rather 
than to the addressed memory location. See ‘‘Delayed Write Cycle Timing’ and the accompanying ‘Write 
Cycle State Table’’ in the timing diagram section. Once the write mask is loaded, it can be used on 
subsequent masked write per bit cycles. This feature allows systems with a common address and data 
bus to use the write per bit feature, eliminating the time needed for multiplexing the write mask and input 
data on the data bus. 


Third, DSF is used to load an on-chip four-bit data, or ‘’color,’’ register via the Load Color Register cycle. 
The contents of this register can subsequently be written to any combination of four adjacent column 
memory locations using a 4 x 4 Block Write feature. The load color register cycle is performed using normal 
write cycle timing except that DSF is held high on the falling edges of RAS and CAS. Once the color register 
is loaded, it retains data until power is lost or until another load color register cycle is performed. 


After loading the color register, the block write cycle can be enabled by holding DSF high on the falling 
edge of CAS. During block write cycles, only the seven most significant column addresses (A2-A8) are 
latched on the falling edge of CAS. The two least significant addresses (AO-A1) are replaced by the four 
DQ bits, which are also latched on the later of CAS or W falling. These four bits are used as an address 
mask and indicate which of the four column address locations addressed by A2-A8 will be written with 
the contents of the color register during the write cycle, and which ones will not. DOO enables a write 
to column address A1 =0, AO=0; DQ1 enables a write to A1 =O, AO= 1; DQ2 enables a write to A1 = 1, 
AO =0; and DQ3 enables a write to A1 = 1, AO=1. A logic level 1 enables a write and a logic level O disables 
the write. A maximum of 16 bits can be written to memory during each CAS cycle (see Figure 1, Block 
Write Diagram). 


Fourth, the DSF pin is used to invoke the split register transfer and serial access operation, described in 
the sections ‘’Transfer Operation’ and ‘’Serial Operation.’’ 
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write enable, write per bit enable (W) 


The W pin enables data to be written to the DRAM and also is used to select the DRAM write per bit mode 
of operation. A logic high level on the W input selects the read mode and logic low level selects the write 
mode. In an Early Write cycle, W is brought low before CAS and the DRAM output pins (DQ) remain in 
the high-impedance state for the entire cycle. During DRAM write cycles, holding W low on the falling 
edge of RAS will invoke the write per bit operation. Two modes of write per bit operation are supported. 


Case 1. lf DSF=O on the falling edge of RAS, the write mask is reloaded. Accordingly, a four-bit binary 
code (the write per bit mask) is input to the device via the random DQ pins and is latched on the falling 
edge of RAS. The write per bit mask selects which of the four random I/Os are written and which are 
not. After RAS has latched the write mask on-chip, input data is driven onto the DQ pins and is latched 
on the falling edge of the later of CAS or W. If a O was strobed into a particular I/O pin on the 
falling edge of RAS, data will not be written to that I/O. If a 1 was strobed into a particular I/O pin on 
the falling edge of RAS, data will be written to that I/O. 


Case 2. |f DSF = 1 on the falling edge of RAS, the mask is not reloaded from the DQ pins but instead retains 
the value stored during the last write per bit mask reload. This mode of operation is known as Persistent 
Write per Bit, since the write per bit mask is persistent over an arbitrary number of cycles. 


See the corresponding timing diagrams for details. IMPORTANT: The write per bit operation is invoked 
only if W is held low on the falling edge of RAS. If W is held high on the falling edge of RAS, write per 
bit is not enabled and the write operation is identical to that of standard x 4 DRAMs. 


data 1/O (DQ0-DQ3) 


DRAM data is written during a write or read-modify-write cycle. The falling edge of W strobes data into 
the on-chip data latches. In an early write cycle, W is brought low prior to CAS and the data is strobed 
in by CAS with data setup and hold times referenced to this signal. In a delayed write or read-modify-write 
cycle, CAS will already be low. Thus, the data will be strobed-in by W with data setup and hold times 
referenced to this signal. 


The three-state output buffers provide direct TTL compatibility (no pull-up resistors required) with a fanout 
of two Series 74 TTL loads. Data-out is the same polarity as Data-in. The outputs are in the high impedance 
(floating) state as long as CAS or TRG is held high. Data will not appear at the outputs until after both 
CAS and TRG have been brought low. Once the outputs are valid, they remain valid while CAS and TRG 
are low. CAS or TRG going high returns the outputs to a high-impedance state. In an early write cycle, 
the outputs are always in the high-impedance state. In a register transfer operation (memory to register 
or register to memory), the outputs remain in the high-impedance state for the entire cycle. 


enhanced page mode 


Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the 
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling 
edge of CAS latches the column addresses. This feature allows the TMS44C251 to operate at a higher 
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address 
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced 
page mode.”’ Valid column address may be presented immediately after row address hold time has been 
satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after ta(C) max 
(access time from CAS low), if ta(cA) max (access time from column address) has been satisfied. In the 
event that column addresses for the next page cycle are valid at the time CAS goes high, access time 
for the next cycle is determined by the later occurrence of ta(C) Or ta(CP) (access time from rising edge 


of CAS). 
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Enhanced page mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. The time for row address setup, row address hold, and address 
multiplex is thus eliminated, and a memory cycle time reduction of up to 3 x can be achieved, compared 
to minimum RAS cycle times. The maximum number of columns that may be accessed is determined by 
the maximum RAS low time and page mode cycle time used. The TMS44C251 allows a full page (512 
cycles) of information to be accessed in read, write, or read-modify-write mode during a single RAS low 
period using relatively conservative page mode cycle times. 


During write per bit operations, the DQ pins are used to load the write per bit mask register using either 
mode of write per bit operation described above under the W pin description. 


During block write operations, the DQ pins are used to load the on-chip color register during the load color 
register cycle and are also used as a write enable during block write cycles. 


refresh 


GND 


A refresh operation must be performed to each row at least once every eight milliseconds to retain data. 
Since the output buffer is in the high-impedance state (unless CAS is applied), the RAS-only refresh sequence 
avoids any output during refresh. Strobing each of the 512 row addresses with RAS causes all bits in 
each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


This pin is reserved for the manufacturer’s test operation. It is an input and should be tied to system ground 
to ensure proper device operation. 


IMPORTANT: GND is not connected internally to VSs. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS. The external row address 
is ignored and the refresh address is generated internally. 
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TABLE 1. FUNCTIONAL TRUTH TABLE 


RAS FALL SAS ADDRESS 
FALL 
P = FUNCTION 


Jems | tms | w | ose | se 
O AP x REGISTER TO MEMORY TRANSFER 
(TRANSFER WRITE) p 
ROW TAP x 
ADDR | POINT 
X 
X 


D 
X 
X 


SF 
X 


- Dynamic RAMs 


ROW T 
ALTERNATE TRANSFER WRITE 
: 
ADDR | POINT (PSEUDO-TRANSFER WRITE) 
ROW u | MEMORY TO REGISTER TRANSFER 
ROW SPLIT REGISTER TRANSFER 
ROW COL | WRITE | VALID | LOAD AND USE WRITE MASK, 
ROW COL | WRITE | ADDR |} LOAD AND USE WRITE MASK, 
ROW COL ‘VALID | PERSISTENT WRITE PER BIT, 
ROW COL ADDR | PERSISTENT WRITE PER BIT, 
[noon [wens | * [ase | stoce ware ro ome 
ROW COL VALID | NORMAL DRAM READ/WRITE 
[soon | acon | * [ora | mow maseeor 
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X 
X 
X 
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Xx 
X 1 
X 
1 X 
X X 
, ROW x ADDR | BLOCK WRITE TO DRAM 
ADDR | A2-A8 MASK | (NON MASKED) 
REFRESH WRITE 
X LOAD WRITE MASK 
ADDR MASK 
REFRESH COLOR 
1 X Xx LOAD COLOR REGISTER 
ADDR DATA 


TR = RANDOM ACCESS OPERATION; T = TRANFER OPERATION 
+DQ0-3 ARE LATCHED ON THE LATER OF W OR CAS FALLING EDGE. 
ADDR MASK =1 WRITE TO ADDRESS LOCATION ENABLED 
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FIGURE 2. BLOCK DIAGRAM SHOWING ONE RANDOM AND ONE SERIAL I/O INTERFACE 


random address space to serial address space mapping 


The 512 bits in each of the four data registers of the SAM are connected to the 512 column locations 
of each of the four random |/Os. Data can be accessed in or out of the SAM starting at any of the 512 
data bit locations. This start location is selected by addresses AO through A8 on the falling edge of CAS 
during any transfer cycle. The SAM is accessed starting from the selected start address, proceeding from 
the lowest to the highest significant bits. After the most significant bit position (511) is accessed, the 
serial counter wraps around such that bit 0 is accessed on the next clock pulse. The selected start address 
is stored and used for all subsequent transfer cycles until CAS is again brought low during any 
transfer cycle. Thus, the start address can be set once and CAS held high during all subsequent transfer 
cycles and the start address point will not change regardless of data present on AO through A8. 


split register mode random address to serial address space mapping 


In split register transfer operation, the serial data register is split into halves, the low half containing bits 
O through 255 and the high half containing bits 256 through 511. When a split register transfer cycle 
is performed, the tap address must be strobed in on the falling edge of CAS. The most significant column 
address bit (A8) determines which register half will be reloaded from the memory array. The eight remaining 
column address bits (AO-A7) are used to select the SAM starting location for the register half selected 
by A8. Thus when bit 255 or 511 is reached, the next bit read out will be from the previously loaded start 
location. 
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To guarantee proper operation when using the split register read transfer feature, a non-split register transfer 


must precede any split register sequence. The serial start address must be supplied for every split register 
transfer. 


transfer operations 
As illustrated in Table 1, the TMS44C251 supports five basic transfer modes of operation: 


1. Normal Write Transfer (SAM to DRAM) 

2. Alternate Write Transfer (independent of the state of SE) 

3. Pseudo Write Transfer (Switches serial port from serial out mode to serial in mode. No actual 
data transfer takes place between the DRAM and the SAM.) 

4. Normal Read Transfer (Transfer entire contents of DRAM to SAM) 

5. Split Register Read Transfer (Divides the SAM into a high and a low half. Only one half is 
transferred to the SAM while the other half is read from the serial |/O port.) 


Dynamic RAMs 


transfer register select (TRG) 


Transfer operations between the memory array and the data registers are invoked by bringing TRG low 
before RAS falls. The states of W, SE, and DSF, which are also latched on the falling edge of RAS, determine 
which transfer operation will be invoked. (See Table 2.) 


During read transfer cycles, TRG going high causes the addressed row of data to be transferred into the 
data register. Although the previous data in the data register is overwritten, the last bit of data appearing 
at SDQ before TRG goes high will remain valid until the first positive transition of SC after TRG goes high. 
The data at SDQ will then switch to new data beginning from the selected start, or ‘‘tap,’’ position. 


transfer write enable (W) 


In register transfer mode, W determines whether a read or a write transfer will occur. To perform a write 
transfer, W and SE are held low as RAS falls. If SE is high during this transition, no transfer of data from 
the data register to the memory array occurs, but the SDQs are put into the input mode. This allows serial 
data to be input into the SAM. An alternative way to perform the transfer write cycle is by holding DSF 
high on the falling edge of RAS. In this way, the state of SE is a Don’t Care as RAS falls. To perform 
a read transfer operation, W is held high and SE is a Don’t Care as RAS falls. This cycle also puts the 
SDQs into the read mode, allowing serial data to be shifted out of the data register. (See Table 2.) 


column enable (CAS) 


If CAS is brought low during a control cycle, the address present on the pins AO through A8 will become 
the new register start location. If CAS is held high during a control cycle, the previous tap address will 
be retained from the last transfer cycle in which CAS went low to set the tap address. 


addresses (AO through A8) 


Nine address bits are required to select one of the 512 possible rows involved in the transfer of data to 
or from the data registers. The states of AO-A8 are latched on the falling edge of RAS to select one 
of 512 rows for the transfer operation. 


To select one of the 512 positions in the SAM from which the first serial data will be read out, the appropriate 
9-bit column address (AO-A8) must be valid when CAS falls. However, the CAS and start (tap) position 
need not be supplied every cycle, only when changing to a different start position. 


In split register transfer mode, the most siginificant column address bit (A8) selects which half of the register 
will be reloaded from the memory array. The remaining eight addresses (AO-A7) determine the register 
starting location for the register to be reloaded. 
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special function input (DSF) 


In read transfer mode, holding DSF high on the falling edge of RAS selects the split register mode read 
transfer operation. This mode divides the serial data register into a high order half and a low order half; 
one active, and one inactive. When the cycle is initiated, a transfer occurs between the memory array 
and either the high half or the low half register, depending on the state of most significant column address 
bit (A8) that is strobed in on the falling edge of CAS. If A8 is high, the transfer is to the high half of the 
register. If A8 is low, the transfer is to the low half of the register. Use of the split register mode read 
transfer feature allows on-the-fly read transfer operation without synchronizing TRG to the serial clock. 


The transfer can be to either the active half or the inactive half register. If the transfer is to the active 
register, with an uninterrupted serial data stream, then the timings tq(SCTR) and td(THSC) must be met. 


In write transfer mode, holding DSF high on the falling edge of RAS permits use of an alternate mode of 
transfer write. This mode allows SE to be high on the falling edge of RAS without performing a pseudo 
write transfer, with the serial port disabled during the entire transfer write cycle. 


serial access operation 
Refer to Tables 2 and 3 for the following discussion on serial access operation. 
serial clock (SC) 


Data (SDQ) is accessed in or out of the data registers on the rising edge of SC. The TMS44C251 is designed 
to work with a wide range of clock duty cycles to simplify system design. Since the data registers comprising 
the SAM are of static design, there are no SAM refresh requirements and there is no minimum SC clock 
operating frequency. 


serial data input/output (SDQO-SDQ3) 


SD and SQ share a common 1/O pin. Data is input to the device when SE is low during write mode and 
data is output from the device when SE is low during read mode. The data in the SAM will be accessed in 
the direction from least significant bit to most significant bit. The data registers operate modulo 512. Thus, 


_ after bit 511 is accessed, the next bits to be accessed will be bits 00, 01, O02, and so on. 


serial enable (SE) 


_ The Serial Enable pin has two functions: first, it is latched on the falling edge of RAS, with both TRG and 


W low to select one of the transfer functions (see Table 3). If SE is low during this transition, then a transfer 
write occurs. If SE is high as RAS falls and DSF is low, then a write mode control cycle is performed. 
The function of this cycle is to switch the SDQs from the output mode to the input mode, thus allowing 
data to be shifted into the data register. NOTE: All transfer read and serial mode enable (pseudo transfer 
write) operations will perform a memory refresh operation on the selected row. 


Second, during serial access operations, SE is used as an SDOQ enable/disable. In the write mode, SE is 
used as an input enable. SE high disables the input and SE low enables the input. To take the device out 
of the write mode and into the read mode, a transfer read cycle must be performed. The read mode allows 
data to be accessed from the data register. While in the read mode, SE high disables the output and SE 
low enables the output. 


IMPORTANT: While SE is held high, the serial clock is NOT disabled. Thus, external SC pulses will increment 
the internal serial address counter regardless of the state of SE. This ungated serial clock scheme minimizes 
access time of serial output from SE low since the serial clock input buffer and the serial iiteinaei counter 
are not disabled by SE. 
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split register active status output (QSF) 


QSF is an OPEN DRAIN output pin. During the split register mode of serial access operation, QSF indicates 
which half of the serial register in the SAM is being accessed. If QSF is low, then the serial address pointer 
is accessing the low (least significant) 256 bits of the SAM. If QSF is high, then the pointer is accessing 
the higher (most significant) 256 bits of the SAM. 


QSF changes state upon crossing the boundary between the two register halves. When the SAM is not 
operating in split register mode, the QSF output remains in the high-impedance state. 


QSF is designed as an open drain output to allow OR-tying of QSF outputs from several chips. Thus, an 
external pull-up resistor is required for the zero to one transition on QSF and the output risetime is determined 
by the load capacitance and the value of the pull-up resistor. The specification for QSF switching time 
assumes a pull-up resistor of 820 ohms and a load capacitance of 50 picofarads. 


TABLE 2. TRANSFER OPERATION LOGIC 


Register to memory (write) transfer 


Alternate register to memory transfer 
Serial write mode enable 

Memory to register (read) transfer 
Split register read transfer 


NOTE: Above logic states are assumed valid on the falling edge of RAS. 


TABLE 3. SERIAL OPERATION LOGIC 


Last Transrencycie |SE_| soa. 


Alternate register to memory Input Disabled 
Serial write mode enable Input Enable 


Serial write mode enablet Input Disable 
Memory to register, split register Output Enabled 
Memory to register, split register Hi-Z 


TPseudo transfer write 


power up 


After power up, the power supply must remain at its steady-state value for 1 us. In addition, RAS must 
remain high for 100 us immediately prior to initialization. Initialization consists of performing two RAS cycles 
before proper device operation is achieved. 
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absolute maximum ratings over operating free-air temperature? 


Voltage on any pin except DQ and SDQ (see Note 1)..................2.004. -1.0Vto 7.0 V 
V6ttage on 0G. and aUO (see:Note 1). 36S ra ys Ae -1.0V to Vcc 
Voltage-range. on Vee (see Note 1). ec eae Ss SS ae ee Oe eee 0.0Vto7V 
Snort. circuit cutout qurent (per output} 4s OS ee ee ee Re eee 2 50 mA 
BINA AE C0 ER a i ano ae ho eI hh es ee ee oe 1W 
DDOratiig T1ee-Ait TOMmmerature fANOe Aico seks as ss cease ee we oe Dec ta 70°C 
CIOTAGE- TOMO GCUNE NOG 5 ooo ce oe ele Mee pie nce es dt ee eee a —-65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 

i See aR SSR Ae ia aac ee a ee ee eS Ee 
=1.0 0.8 
Vo. Jowleiouenwings oe RO Oi 
025 70 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for 
logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST TMS44C251-10 | TMS44C251-12 | TMS44C251-15 Onit 
| oe | MIN MAX | MIN MAX | 


Vou High fevel output volege| lon = —50mA | 24 +| 24 | 24 ~+| v_ 
Vor tow level output vottage| lon = 42 mA ML See es Le es 


V QSF low level pe Fe yj 
OL(QSF) output voltage OL(QSF) 
V| 


= OV to 5.8V 
IL Input leakage current pie eee 8S +10 +10 | +10 pA 
All other pins 
=OVtoVcc 


Vo = OV to Vcc 
lo Output current leakage +10 +10 +10 pA 
Vec = 5.5V 
TMS44C251-10 | TMS44C251-12 | TMS44C251-15 
soeguadeas pais: eae | Teeny 8 Bok 


cea Og Ms ee 
fe re 
ee 
ee 


ADVANCE INFORMATION E Dynamic RAMs 


Icc1 Operation current 


tce(RW) = Minimum 


te(SC) = Minimum 


Icc2 Standby current 
All Clocks = Vcc 
te(Sc) = Minimum 


Icc3 RAS-only refresh current 


te(RW) = Minimum 


te(Sc) = Minimum 


Page mode current Standby 
te(P) = Minimum 
Iccs5 CAS-before-RAS current 
tc(RW) = Minimum 
Standby 


te(Sc) = Minimum 


Iccé6 Data transfer current 


te(RW) = Minimum 


te(Sc) = Minimum 
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Capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz (see Note 3) 


Ci(A) Input capacitance, address inputs 
Ci(RC) Input Capacitance, strobe inputs 
Ci(w) Input capacitance, write enable input 


Ci(sc) Input Capacitance, serial clock 


Ci(SE) Input capacitance, serial enable — 
Ci(DSF) Input Capacitance, special function 
Ci(TRG) Input capacitance, transfer register input 
Coo Output capacitance, SDQ and DQ 


ColOSF Output capacitance, QSF 


NOTE 3: Vcc equal to 5.0 V + O.5 V and the bias on pins under test is 0.0 V. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Note 4) 


PARAMETER st 
. CONDITION 


Access time from 
a(C) CAS 
Access time from td(RLCL) = 
‘alCA) column address MAX 
Access time from td(RLCL) = 
CAS high MAX *CAP 
Access time from td(RLCL) = 
RAS MAX 
Access time of Q 
from TRG low 
Access time of SQ 
from SC high 
Access time of SQ 


ta(CP) 


ta(R) 


ta(G) 
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ta(SQ) 


t path = 
a(SE) from SE low 


Access time of C1-= 50 pF 
QSF from SC high See Figure 3 


Random output 
tdis(CH) disable time from C1 = 100 pF 
CAS high 

Random output 
tdis(G) disable time from C1 = 100 pF 
TRG high 
Serial output 
tdis(SE) disable time from C1 = 50 pF 
SE high 


NOTE 4: Switching times assume C1 = 100 pF unless otherwise noted. 


ta(QSF) 
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timing requirements over recommended supply voltage range and operating free-air temperature ranget 


ALT. | TMS44C251-10 | TMS44C251-12 | TMS44C251-15 


ADVANCE INFORMATION - Dynamic RAMs 


Cope ete ene ee [MIN MAX | MIN” MAX | MIN MAX |" 

tera) Read cycle time GeeNotes)———«Y:*twc ‘| 190~—=S«Y=20SSsC*sSC8SSSC*d i | 

toy Witecyiotime | we | 180 «de | 8 

[tetraw) Read-modify-write cycle ime | tpwe| 265 | 305 —~*«Y 388 «ids 

tee) Page-mode read, write cycletime | tec | 60 | 70 | 90 | rs | 

[te(ROWP) _Page:mode read-modify-write cycle wme | tpwe] 125 | 180 | 180 | ns | 

te(tRD) —Transferreadcycletime == tc ‘| 190 *‘| 220 ~—~+«| +260 ——~ids ins 
te(TW) Transfer write cycle time CS a See oe aaa Bes ees 
te(SC) Serial clack cycle time Saecj ef ee a 

[twici) Pulse doreton, CAB high ———=*d; stop | eo | | 

Ttwiciy Pulse duration, CRS low (see Nove 6) | tcag| 25 75,000 | a5 75,000] 40 75,000 | ns _ 

twits) Pulse duration, AS high Sid twp | 80 | 90 «| tn | 

[twipiy Pulse duration, RAS low (eee Note 7) | tas | 100 75,000 | 120 75,000 | 150 75,000 | os | 

tofun)  Pilee destin Wiew ap fees | ese | ae a fo 

atte Gus Rawinn Tien ce eee | ae wo me 

TtwiSch) Pulse duration, SChigh———S=«dY tec | 10 +i _2_—~«dT~StS«id 

Ttwisci) Pulse duration, SClow ————~*i| _tscp{ 10 —*(| 2+ 18 —S=«dt ns | 

[tsuiCa) Column address setuptime «| ~_tasc] Oo -| 0 | 0 _|rs| 

agro) Oe waptettetRiow fo de ee 

teu) Row address setuptime ———~—S«dL~tagn| 0 *+[ 0 +i 0 —~*din 
 teunwnany W setup time before RASiow _——+|_wer| 0 | _o | 0 | re 
 teibGey | DO eatin tae toto ARSIow ag (OO |e Oo ta 

YaurrnG) TRG sew tnebeiore MASow it ne|o.-+| 6 40 _'| m= 

[tauise) SE setup time before FAS ow ——+| tesa | 0 Bie Sverre Ss 

[tauiSéR) DSF setup time betore AABiow «dt s| Sica ee oe 

taupe) Data setup time before CASIow | wgc| 0 | 0 | 0 [ws 

testo) Detedenattine bots Wie epee oe feb ee fae 

[teuirs) Read command setup time | trcs|_0 | 0 | 0 | vs 

Early write command setup time : 

Gee we a 
ec 
su(WRH) high with TRG = W = low bits 

[teuiS05) SD setup time before SChigh | taps] 3 | 3 | 3 [rs] 

ticucay Column address hold te after CASiow | tcaw| 20 | 20 *«( a8 Sid 

F thee OF Hold tng after CAB =. 5 a femeags fae Pe 

hyn) Row adress hold time ater FAS ow | tan] 15 | 18 | 20 | ne | 

SE hold time after RAS low : _ 
*h(SE) with TRG = W = low Aer 

Write mask, transfer enable hold : 15 20 
"h(RWM) time after RAS low RWI 


Continued next page. 
tTiming measurements are referenced to Vip max and Vjpy min. 
NOTES: 5. All cycle times assume ty = 5 ns. 
6. In a read-modify-write cycle, tq(CLWL) 48Nd tsu(WCH) Must be observed. Depending on the user's transition times, this may 
require additional CAS low time (tw CL). 
7. In a read-modify-write cycle, tq(RLWL) 29d tsu(WRH) Must be observed. Depending on the user's transition times, this may 
require additional RAS low time (tw RL). 
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timing requirements over recommended supply voltage range and operating free-air temperature ranget 
(continued) 


ALT. TMS44C251-10 | TMS44C251-12 | TMS44C251-15 
symBot| MIN MAX [MIN MAX 


Cc 


a 2 
= 


; DQ hold time after RAS low 
h(ROQ) ‘(write mask operation) 


thiSFR) DSF hold time after RAS low eases 


; Column address hold time after RAS low ; 45 45 
h(RLCA} (see Note 8) AR 


th(CLD) Data hold time after CAS low tpH 
ah be einai Genoa tale Te 
Re ee 
te Oe ee a MO 
A 
A 


+ 
<= 
mo 

N 
Le) 


Nh 
ie) 


~ 
io) 


TO BM lo i Bl nS i 
th(RLW) Write hold time after RAS low tWCR 


ISDS) SO fold te after SC ih cs ese ES Sees ee 
th(SHSQ) SQ hold time after SC high Se erase 


td(RLCH) Delay time, RAS low to CAS high 


s 
o1 


~ 
oa 


— 
2) 
oO 
— 
NO 
ie) 
—s 
oO 
2) 


‘ Delay time CAS low to ; 35 40 

d(CLRH) RAS high, write (see Note 11) RSH 

; Delay time, CAS low to W low : ve 

d(CLWL) (see Notes 12 and 13) “ie 
Delay time, CAS low to 

taintenly? dee . tRCD 25°75 25 85 30 +110 
CAS low (see Notes 14 and 15) 


td(CARH) Delay time, column address to RAS high At! RSS eee 
td(CACH) Delay time, column address to CAS high mete Se aoe 


: Delay time, RAS low to W low ‘ 135 

aR} (see Note 12) deste 
Delay time, column address to W low 

t ; t 100 120 
Delay time, RAS low to CAS high 

t t 25 25 

cIRLCH) (see Note 16) CHR 

‘ Delay time, CAS low to RAS low : Py ts 

d(CLRL) (see Note 16) CSR 

‘ Delay time RAS high to CAS low ; 

diRHCL) (see Note 16) ace 


td(CLGH) Delay time, CAS low to TRG high 


Continued next page. 
tTiming measurements are referenced to Vj, max and Vjy min. 
NOTES: 8. The minimum value is measured when tq(RLCL) is set to tqg(RLCL) Min as a reference. 
9. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle. 
10. Output Enable controlled write. Output remains in the high-impedance state for the entire cycle. 
11. Write cycles only. 
12. Read-modify write operation only. 
13. TRG must disable the output buffers prior to applying data to the DQ pins. 
14. Read cycles only. 
15. Maximum value specified only to guarantee access time. 
16. CAS-before-RAS refresh operation only. 
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timing requirements over recommended supply voltage range and operating free-air temperature ranget 
(concluded) 


TMS44C251-10 a ae 12, | TMS44C251-15 aa ere oe 
SYMBOL| MIN MAX | 


Delay time, TRG high before 
data applied at DO 


td(GHD) 


Early load 


Mid-line real-| tRTH 
time load 


Delay time, RAS low to first SC 
high after TRG high (see Note 18) 


Delay time, RAS low to TRG 
high (see Notes 17 and 18) 


td(RLTH) 


~ 
it 


td(RLSH) 


: Delay time, CAS low to first SC 
d(CLSH) high after TRG high (see Note 18) 


Delay time, SC high to TRG high 


t ie 10 
d(SCTR) (see Notes 18 and 19) TSt PT 
—10 


Delay time, TRG high to RAS 


t 
d(THRH) high (see Note 18) 


t bes 

d(SCRL) TRG = W = low (see Notes 20 and 21) 

td(RHSC) tTRP 
Delay time, TRG high to SC high 


: Delay time, SC high to SE high ‘ a 
d(SCSE) in serial input mode SRO 

(see Note 21) | ree | 2 

(see Note 22) } ews] 1 


td(THSC) 


Delay time, SC high to RAS low with 
Delay time, RAS high to SC high 
‘ Delay time, TRG high to RAS low ; : : 
d(THRL) (see Note 22) TSD w(RH) w(RH) 
Delay time, SE low to SC high 


NO 
1o3) 


ot 
” 
= 
n 


‘d(SESC) (see Note 23) 


Delay time, RAS high to last (most signifi- 
td(RHMS) Cant) rising edge of SC before boundary 


ADVANCE INFORMATION a. Dynamic RAMs 


N 
ol 
1¢) 
(eo) 


N 
Ww 2) 
ol 
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oa 
ie) 


switch during split read transfer cycles 


Delay time, first (TAP) rising edge of SC 
td(TPRL) after boundary switch to RAS low during 


split read transfer cycles 


trf(MA) Refresh time interval, memory tREF 


tTiming measurements are referenced to Vj, max and Vjy min. 


NOTES: 17. TRG may be brought high ‘‘early’’ when real time memory to register data transfer is not required, provided that the th(TRG): 

td(SCTR), 2nd tq(RLSH) specifications are met. 

18. Memory to register (read) transfer cycles only. 

19. In a transfer read cycle, the state of SC when TRG rises is a Don’t Care condition. However, to guarantee proper sequencing 
of the internal clock circuitry, there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high. 

20. In a transfer write cycle, the state of SC when RAS falls is a Don’t Care condition. However, to guarantee proper sequencing 
of the internal clock circuitry, there can be no positive transitions of SC for at least 10 ns prior to when RAS goes low. 

21. Register to memory (write) transfer cycles only. 

22. Memory to register (read) and register to memory (write) transfer cycles only. 

23. Serial data-in shift cycles only. 
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PARAMETER MEASUREMENT INFORMATION 


1.31 V | 5V 
2180 820 2 
OUTPUT 
PIN 
“Vss Vss 
a) LOAD CIRCUIT EXCEPT QSF b) QSF LOAD CIRCUIT 


FIGURE 3. LOAD CIRCUIT 


read cycle timing 


te(rd) 
or ra we ee | 
KE Sees an ae ae: \/, ne 
= —, oS ee ee 
d(RLCL) be—twict) — bet ta(cHRL_——> 
CAS \ Sigeese ) 


th(CLCA); ? twiCH) 


| 
thiRAIT™T a | | 
= ae eel Oa 
t 
su(RA) 1 | =| katt tsu(CA) | 


LKR MR LSCCOCECOCOCCCCON 
AO-AB QU) (ROW 1) YY) KY) 
tsu(SFC)-y | | 

tucsenr=| FSF [thisFR) | wastes oe | | 


ada | RRO 


EM OCCCOOOCONOOS 


NOILVINYOSANI JONVAGV * SINVY o1weudg 


Vavavae | | | 

DSF OO! cof 
ei y tsu(TRG) ah 
|e ke thitre) | | 


i 

UKKKKXKKH 

Re 

dee. 

4 1 ae h(RHrd 

tsuird) a thicHra) T=] ERC) 

oie xX Vay, XXX XX XX XX XY sn ed XXKKXK KKK K XxKXKX KKK X 

WKY i ticianye— | Oe OO x 
7 | -t———+ tdis(CH) —I 

ke-taig)| tdis(g) > 


XKAKAKX 
. | 


i | 
he—tw( TRG) | 
i l 


mG ¢ RXXXKXOX) 
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early write cycle timing 


| 
tt | 
tt “ = tic. ———_}-_}=! 


2 IS Aes ta(CHRL)——>4 
CA | | 
thiRA)T>| he | : | 


| ' 
2 gpa gee meas a eT 
tsu(RA)-> w-t- jsutCA) | 


XY 


rr WY 


KH? OX 


KKK) 
AO-AB OLY KY 
tsu(SFRI> bet | ae Lo} thiSFC) | | | 
tsa te] be et eT tsuisrc) pe 


OX 1D aieelatatatalaietetelerctatainielees 
—w| ett tsu(TRG) : l | | 
el 


k— th (TRG) 


XXX (XxX (XxX 


; | RXXKXK KKK KKK XXX \/ XXX \/ x XXX XXKK KKK K KOKO \/ xX X eee xx 
itis IL 1 NSH KKK KKK KKK KK KKK KKK 


ADVANCE INFORMATION = Dynamic RAMs 


XY 


Oy, 


=| 


KKK 


LX 


| | | | 
ee pigeon  y r 
tsu(DQR) I bet tsu(DCL) | 
thiRDQ)->| | Mey 
atts SRSA, ae ea | 


| th(RLD) 
' 


\/ XXX) (x x) KXXKX XX KK KKKK KKK KK KKK KK KK 
Oo BARK PRR EAR SSAA 


NOTE 24: See ‘’Write Cycle State Table’’ for the logic state of ‘’1’’, ‘“’2’’, ‘‘3"’, “’4"", and ‘‘5”’. 
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delayed write cycle timing 


KRXKXAKNK %,6,0,0,0 YY YY ¢,0,0,9 
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thisrR Te fe ST tsuisrc) Base 
XXX xX ) € x) ee eee) OOOO OOO OX OC ex \/ COO 
05 RK RY elsonionennnnsonuonsonn 
tsu(TRG)"> dl | ! | 


| 
oe i a SESS 2 
| =| thiRwM) tsu(WRH) 
H—| tai) — 4 ett su WCH) 4 
[i CPO ANE 


| l l th(RLW) 


ORY 


NOILVINYOANI JONVACV C SINWY o!weudq 


om bet tsu(WMR) pol Smeg Dern, ees 

ce) Ko 1 KXX 

™ OOK 3 _/ x 
—— ww) 

——- th(wLp)p 

fae ce sae 


Y 
XXX 
Ph} thi} 


| 
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SISSY YY YY YY YY SV 
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write cycle state table 


Write mask load/use 
Use previous write mask 


Use previous write mask 
Block write 


Load write mask on later of 
W fall and CAS fall 


Load color register on later of 
Write mask disabled, 
Normal early or late 
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read-write/read-modify-write cycle timing 


NOILVINYOSANI AONVACV . SINVY owWeUudg 


Sg eam ea RT See ace 
| een ee, ee ee ee ! 
——— l | 
| oF 
fey, ~<~—$_$—_—_——__—_—_—__—_—_—__t base 2 caebieamreer ee ns t 
: d(CLRH) j, PT ‘wiRH) 
Let —— td(RLCL) ———>41 ke} ta CHRL) 


| ig Pg IOS Se Sm NTE Be wikis te 
CA 1 | \! | 
th(RA) ++ | 


| 
' t tae! 
I bee ltsu(RA) su(CA) l 3 


KKK KKK KKH VV KKK KKK KKK KK 
OO DONT CARE ARAL KOK 


XKAXAXKKABRAR AAA KAKKKAXRXKKKKKMKA) 


th(SFR)—<¢——>4 —»| 


iat} tsu(SFC) | 
tsu(SFR)! 


+ th(SFC) | 
OXXKXKK KKK KKK KX Vay, Y/Y V/Y xX X XXX XXX KK KKK XK 
Rie DONT CARER RRR RRR OR 


XAKKAARADAAADAKAKKKAAN XX X 


KKAKKX 


| th(RLW) 
tsu(TRG) eae ier | th(cLw)——_____! 


| | 
tsu(WMR) tg CLWL]—t_ — tw(w) 
| 


EP aaa ata arava aray, 
KXKXKXAKKAKAKAKAK) 
lV Merrrrnnen 


XAKAXAXAXAKK 


| 
© a<cneeesappeesieay Sh, cane cement: we 
t | | ta (Ro K—ta(GHD) > | *hIWLD) 

su(DQR) ma = thiRDQ) tac) | tsu(DWL) | 


xX KXXOXKKSOY VALID. KAXXD, XX 
0 ROK DERERLIIN_curmur YOR, 8 DRRARAI AA 
| Se 


ta(G) se — — | ff tgis(G) 


NOTE 25: See ‘‘Write Cycle State Table’’ for logic state of ‘’1’’, ‘’2’’, ‘’3’’, ’’4"’, and ‘’5’’. Same logic as delayed write cycle. 
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enhanced page-mode read cycle timing 


twiRH) > os 
bn ——T Sa) ai AN RR a PORES IER BT fos a | 


‘ ¢ OOO XX KX xX) $ $ XK KX 
ORE SKXXKKXY SXKXKXKR LK 


1 COLUMN : 
| 


| t | 
—+ lteutseR)  SUICA | fred kt-th(iSFC) | | l | 


| : rp th(SFR) S ha or SIXY XV YVYV XXX EXKK KKK KKK KK KYD 
: : \ ) WAV AVA, 
oer ANN 1 | ARRPON TEMES IRR REY 


i 
> ha tsu(TRG) 
| | *thtrey* 


tdis(G) _ 


TRG 
ees Doses 

Be t th(RHrd) Seay 
lee} tsu(WMR) ith 

be tsutrc 4 | | 7 et—th(CHrd) > 
W WV | 7 7 Fe taic) | QY l | | RK 
t 
| t— ta(CAy—™| | | | | 


————taig) ——_1 | ne taica)' é | 
—_—___—__»!/ 
x be op) 


—— taiR) Ker tdis(cH)* 
: 


NOTE 26: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edges of RAS and CAS to select the 
desired write mode (normal, block write, etc.). 


tT Access time is ta(cp) OF ta(ca) dependent. 
+Qutput may go from the high-impedance state to an invalid data state prior to the specified access time. 
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enhanced page mode write cycle timing 


NOILVINYOSNI SADNVACV = SINVY 2lweudq 


tw(RL) > 
| 
| | | 


! 
| 
| i t 
es eee | H a ene dC a oh 
: eects jt —— tw (CH) >t ke— td(CLRHW—— 
| | ach vos eae 


| 
| aah 

t RA) = renee I | 
ous he tina) a icone Wi ens : 7 
: ee ME ane FO | 


XK 
XXKXX oY 


tsu(SFR) = eg} tsu(SFC)—e4 p< | perc '_~—-_ | i - 
gs | | ps thisFR)—mI maga Cage ae m— thiSFc)—> | 


KKK 
4605090 ORY 


| | 
—~ beet tsu(TRG) | 7 . ; 
4 | 


| | 
RS hetsu(WMR) + tsu(WCH) —> —— > tsu(WCH) 
| > thiawm) > fp twit) ke— tsu(WRH) —* 

| 


| VY YYYVY VY YY SYYYVVY 
Ax) eee oy ny 0m Os XX x? o, X 


W ™ XXY 
Ww O00 Ry XXYXKX eM corer xX 
tsu(DCL)* kt— th(CLD) ' ——> 


rm thiRDa) > | be ——— th wi)t_———> 
he} testo) #4 


| ere | 
— Mt+ teu(D0R) tsu(DWL) ~—— 
| 
! 


BXXXKR BRE 
nies QR KY XX eeeletatetetets “a 


NOTES: 24. See ‘‘Write Cycle State Table’’ for logic state of ‘’1"’, ‘’2’’, “3, "4", and ‘’5”’. 


27. A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. TRG must remain high throughout the entire page-mode operation if the late write feature is used, to guarantee 
page-mode cycle time. If the the early write cycle timing is used, the state of TRG is a Don’t Care after the minimum period th(TRG) 
from the falling edge of RAS. 


tReferenced to CAS or W, whichever occurs last. 
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enhanced page-mode read-modify-write cycle timing 


! 
: —— NEL eee tw(RH) 
pier kt tc(rpwP) ——_}- >! t——— td(CLRH)RD l 
| «——tarictyr>——__ et twice) ta(CHRL) +4 
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| 1 —~——ty 
cis 
aie | | | 
CAS | ‘ \/; t 
| | | 
| | 


| 
| ey 
tsu(RA) — tsu(CA) | 
Big lth (RA) rT he thiCLca) | ae 
| 


BSR. T— th(RLCA) ————™ 


{XXX \/ XXX KX KKK XxXKK KX 
OY YY 


XKKKAKAX KXXKAAKAX 


i 
tsu(WMR) | kt-tsu(RD)-P +t CLWL)| ——_ | 


t mtnimslil 
thiRWM)T ch eae apr d(CAWL) ptt tw (WL) 


> be-+tsu(DOR) ta(CA) jt—+-—2}-th (WLD) 
| + i th(RDQ) tsu(DWL) le — taicp)— > 


LAXKLKXKKEX KEK 


,9.9,9,,9,.%,4,9,.%.%,4.9,.%,9, 


thiTRaT™| | 


| | 
tsu(TRG) > | ke-taiGg) >| bet (GHD) tais(G) ‘4 _ 


NOTES: 24. See ‘‘Write Cycle State Table’’ for logic state of ‘’1"’, ‘’2”’, “*3’’, “’4'", and ‘’5”’. 
28. A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications 
are not violated. 
TOutput may go from the high-impedance state to an invalid data state prior to the specified access time. 
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RAS-only refresh timing 
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CAS-before-RAS refresh counter test timing 
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hidden refresh cycle timing 
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write-mode control pseudo write transfer timing 


The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This 
allows serial data to be written into the data register. The diagram below assumes that the device was 
Originally in the serial read mode. 
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NOTES: 29. Random-mode Q outputs remain in the high-impedance state for the entire write-mode control. 
30. SE must be high as RAS falls in order to perform a write-mode control cycle. 
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data register to memory timing, serial input enabled 
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NOTES: 31. Random mode Q outputs remain in the high-impedance state for the entire data register to memory transfer cycle. This cycle 
is used to transfer data from the data register to the memory array. Every one of the 512 locations in each data register is 
written into the corresponding 512 columns of the selected row. Data in the data register may proceed from a serial shift-in 
or from a parallel load from one of the memory array rows. The above diagram assumes that the device is in the serial write 
mode (i.e., SD is enabled by a previous write mode control cycle, thus allowing data to be shifted-in). 

32. See ‘‘Register Transfer Functions Table”’ for logic state of ‘’1’’ and ‘’3’’. 
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register transfer functions table 


RAS FALL 


FUNCTION 


Register to memory transfer 
Register to memory transfer 
Pseudo-transfer SDQ control 
Memory to register transfer 
Split register transfer 
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alternate data register to memory timing 
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memory to data register transfer timing 
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NOTES: 33. Random mode (Q outputs) remain in the high-impedance state for the entire memory to data register transfer cycle. The memory 
to data register transfer cycle is used to load the data registers in parallel from the memory array. The 512 locations in each 
data register are written into from the 512 corresponding columns of the selected row. The data that is transferred into the 
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data registers may be either shifted out or transferred back into another row. 


34. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., the SQ is enabled), thus allowing 
data to be shifted out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated 


by a positive transition of SC. 
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split register mode read transfer timing 
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NOTE 35: There must be a minimum of one SC clock cycle between any two split register reload cycles. 
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split register operating sequence 


INDICATING SPLIT 
REGISTER MODE LOW 
HALF) | 

| 


sc | 
iencaieeat | | TAP255 TAPh| TAP511 TAPI9| 
rowi i! | | ROW: ROWI| ROW ROW)| 
QSF | | | 
NORMAL TRANSFER SC CYCLES FROM SPLIT REGISTER SC CYCLES TO LAST SPLIT REGISTER SC CYCLES TO LAST REPEAT HIGH/LOW HALF 
READ (QSF HIGH) | TAP 1. TRANSFER TO LOAD [BIT OF LOW HALF. | TRANSFER TO LOAD jBIT OF HIGH HALF =; LOAD SEQUENCE. 
| HIGH HALF OF DATA |(QSF HIGH INDICATING) NEXT ROW LOW HALF. —|(QSF LOW INDICATING| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| REGISTER. (QSF LOW ISWITCH TO HIGH HALF); ee TO LOW HALF)| 
| 
| 
| 
| 
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NOTE 36: In split register mode, data can be transferred from different rows to the low and high halves of the data register. 
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serial data-in timing 
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The Serial Data-in cycle is used to input serial data into the data registers. Before data can be written 

into the data registers via SD, the device must be put into the write mode by performing a write mode 
control, or pseudo-transfer, cycle. Transfer write cycles occurring between the write mode control cycle 
and the subsequent writing or data will not take the device out of the write mode. However, a transfer 
read cycle during that time will take the device out of the write mode and put it into the read mode, thus 
disabling the input of data. Data will be written starting at the location specified by the input address loaded 


| 
he —tdSESC) >A 


SE ee oe 3 


on the previous transfer cycle. 


While accessing data in the serial data registers, the state of TRG is a Don’t Care as long as TRG is held 


high when RAS goes low to prevent data transfers between memory and data registers. 
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serial data-out timing 
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NOTE 37: While reading data through the serial data register, the state of TRG is a Don’t Care as long as TRG is held high when RAS 
goes low. This is to avoid the initiation of a register to memory or memory to register data transfer operation. 


The Serial Data-out cycle is used to read data out of the data registers. Before data can be read via SOQ, 
the device must be put into the read mode by performing a transfer read cycle. Transfer write cycles 
occurring between the transfer read cycle and the subsequent shifting out of data will not take the device 
out of the read mode. But a write mode control cycle at that time will take the device out of the read 
mode and put it in the write mode, thus not allowing the reading of data. 
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262,144 x 4 Organization 
Single 5-V Supply (10% Tolerance) 
@ Performance Ranges: 


ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 
ta(R) taiC) ta(CA) WRITE 
(trac) (tcac) (tcaa) CYCLE 
(MAX) (MAX) (MAX) (MIN) 
TMS44C25 _ -10 100 ns 25 ns 45 ns 190 ns 
TMS44C25 -12 120 ns 30 ns 55 ns 220 ns 
TMS44C25 -15 150 ns 40 ns 7Ons 260ns 


@® TMS44C256 — Enhanced Page Mode 
Operation with CAS-Before-RAS Refresh 


@ TMS44C257 — Static Column Decode 
Mode Operation with CAS-Before-RAS 
Refresh 


@ Long Refresh Period... 
512-Cycle Refresh in 8 ms (Max) 


3-State Unlatched Output 

Lower Power Dissipation 

Texas Instruments EPIC™ CMOS Process 
All Inputs and Clocks Are TTL Compatible 
High-Reliability Plastic 20-Pin 300-Mil-Wide 


DIP or 20/26-Lead Surface Mount (SOJ) 
Package 


@ Operation of TI's Megabit CMOS DRAMs 
Can Be Controlled by TI's SN74ALS6301 
and SN74ALS6302 Dynamic RAM 
Controllers 


@ Operating Free-Air Temperature... 
0°C to 70°C 


description 


The TMS44C256 and TMS44C257 series are 
high-speed, 1,048,576-bit Dynamic Random- 
Access Memories organized as 262,144 words 
of four bits each. They employ state-of-the-art 
EPIC™ (Enhanced Process Implanted CMOS) 
technology for high performance, reliability, and 
low power at a low cost. 


operation 
enhanced page mode (TMS44C256) 


TMS44€256, TMS44€257 


N PACKAGE 
(TOP VIEW) 


DJ PACKAGEt 
(TOP VIEW) 


TThe packages shown here are for pinout reference only. 
The DJ package is actually 75% of the length of the N 
package. 


PIN NOMENCLATURE 


Address Inputs 
Column-Address Strobe 
Data In/Data Out 
Data-Output Enable 
Row-Address Strobe 


Test Function 
Write Enable 
5-V Supply 
Ground 


JUNE 1986 — REVISED MAY 1988 


262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


5 Dynamic RAMs 


Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The 
maximum number of columns that may be accessed is determined by the maximum RAS low time and 


EPIC is a trademark of Texas Instruments Incorporated, 
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the CAS page-mode cycle time used. With minimum CAS page cycle time, all 512 columns specified by 
column addresses AO through A8 can be accessed without intervening RAS cycles. 


Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the 
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling 
edge of CAS latches the column addresses. This feature allows the TMS44C256 to operate at a higher 
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address 
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced 
page mode.”’ Valid column address may be presented immediately after th(RA) (row address hold time) 
has been satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after 
ta(C) max (access time from CAS low), if ta(c A) max (access time from column address) has been satisfied. 
In the event that column addresses for the next page cycle are valid at the time CAS goes high, access time 
for the next cycle is determined by the later occurrence of ta(C) or ta(CP) (access time from rising edge 
of CAS). 


static column decode mode (TMS44C257) 


The static column decode mode of operation allows high-speed read, write, or read-modify-write by reducing 
the number of required signal setup, hold, and transition timings. This is achieved by first addressing the 
row and column in the normal manner, but after the first access maintain CAS low. Subsequently changing 
the column address produces valid data at the ta(CA). The first bit is accessed in the normal manner with 
read data coming out at ta(C) time. Similarly, write or read-modify-write cycle times can be achieved with 
appropriate toggling of W. The addresses are latched during the write operation, but at the completion 
of the internal write operation the addresses are unlatched. 


address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine 
column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. The TMS44C256 
CAS is used as a chip select activating the output buffer, as well as latching the address bits into the 
column-address buffers. The TMS44C257 column addresses are latched only on write cycles with the 
later of the CAS or W falling edge. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle 
permitting a write operation with G grounded. The TMS44C257 latches the column addresses on write 
cycles with the later of CAS or W falling edge. 


data in (DQ1-DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the fallinc 
edge of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prio! 
to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayec 
write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setuy 
and hold times referenced to this signal. In a delayed or read-modify-write cycle, G must be high to brinc 
the output buffers to high impedance prior to impressing data on the 1/O lines. 
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data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS and G are brought low. In a read cycle the output becomes valid after the access 
time interval ta(c) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied. 
The output becomes valid after the access time has elapsed and remains valid while CAS and G are low. 
CAS or G going high returns it to a high-impedance state. This is accomplished by bringing G high prior 
to applying data, thus satisfying tq(GHD). 


output enable (G) 


G controls the impedance of the output buffers. When G is high, the buffers will remain in the high-impedance 
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low- 
impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers to go 
into the low-impedance state. Once in the low-impedance state, they will remain in the low-impedance 


state until either G or CAS is brought high. 
refresh 


A refresh operation must be performed at least once every eight milliseconds to retain data. This can be 
achieved by strobing each of the 512 rows (AO-A8). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. Externally generated 
addresses must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid 
data at the output pin. This is accomplished by holding CAS at Vj, after a read operation and cycling RAS 
after a specified precharge period, similar to a RAS-only refresh cycle. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS > [see parameter tq(CLRL)R] and 
holding it low after RAS falls [see parameter tq(RLCH)RI]. For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. The external address is also ignored during the hidden refresh option. 


power up 


To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization 
cycles is required after power up to the full Vcc level. 


test function pin 


During normal device operation, the TF pin must be either disconnected or biased at a voltage less than 
or equal to VCC. 


Dynamic RAMs 
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logic symbolt 
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T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 


Dynamic RAMs 


0 


COLUMN DECODE BUFFERS 
? 40F 8 


SELECTION 


SENSE AMPLIFIERS 


256K ROW 256K 
ARRAY | DECODE |ARRAY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Vonage rarige on any. pin (see Note?) ms sck. 6 esalerare si alie b lee tw cee no oe ees -1Vto7V 
Miantteoe Tange OU VOCS S63 ra ae tees ees bs wer BSS uss Cao Ooh eee OVto7V 
Short Cutt OULOUt CUMMIT = 3 S40 bot cise AS ae 5 AO ee obo Pak wed aise se slay bbe 50 mA 
a Ro oT Seige Ieee Br oR ane Sy Ear) Sao coy ea Age eee Cee a eee em eS Dd OnE 1W 
Operating tree-air temperatura range 200s. So ec re So ee Ee es 2 ye ee O°G to 70°C 
SEER TGe TENTION TIAING  NENGNE 9 yoo hg i eee SK A Pe here oF gn a ES —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 
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recommended operating conditions 


Vcc Supply voltage 
Vss Supply voltage 
ViH High-level input voltage 


VIL Low-level input voltage (see Note 2) 
TA Operating free-air temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for 
logic voltage levels only. 


electrical characteristics over full ranges of recommended — conditions (unless otherwise noted) 


TEST | TMS44C25_-10 | -10 | TMS44C25 _-12 | TMS44C25 -15 
PARAMETER UNIT 
conormions [want wax |" wi WAX [MIN MAX 


Von Highievel output votege | lon=—SmA_| 24 | 24 | 24 | v_| 
[ARMM CTS eae eR res RL SEO Sisco 3 


V) = OV to 5.8V, 
‘coo.= Fo 216 1 6A 


- SINVWH diweudg 


Input current (leakage) 3 
p g All other pins 


=OVtoVcc 
Vo = OVto Vcc, 


Output current (leakage) Vec = 5.5 V, 
CAS high 


Read/write te(rdW) = Minimum, 


Vcc = 5.5V 


cycle current 


After 1 memory cycle, 
Standby current RAS and CAS high, 
ViH 24ViisS 


te(rdW) = Minimum, 
Icc3 Average refresh current VCC = sasteg 
RAS cycling, 
CAS high 


Icc2 


tce(P) = minimum, 
Icc4 Average page current TOG = oR 
RAS low, 
| CAS cycling 
te(rdW) = Minimum, 


Average static column Vec. 5s 5.5. V, 
decode current RAS low, 
CAS cycling 
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Capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz (see Note 3) 


PARAMETER 


Ci(A), Input capacitance, address inputs 


Ci(RC) '!nput capacitance, strobe inputs 
Ci(w) Input capacitance, write-enable input 
Co Output capacitance 


NOTE 3: Vcc equal to 5.0 V + 0.5 V and the bias on pins under test is 0.0 V. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 


PARAMETER 
Sens... eemeee SYMBOL 


ta(CA) Access time from column address 


ta(R) Access time from RAS low 


ta(G) Access time from G low 
Access time from column precharge 
(TMS44C256 only) 


Access time from W high, 


ta(CP) 


ta(WHQ) Static column decode mode 
(see Note 4) (TMS44C257 only) 


Access time from W low, 


ta(WLQ) Static column decode mode 
(see Note 4) (TMS44C257 only) 
Output disable time after CAS 


ie 
dis(CH) high (see Note 5) 


Output disable time after G 


tdis(G) high (see Note 5) 


NOTES: 4. Read-modify-write operation only. 
5. tdis(CH) @Nd tdis(G) are specified when the output is no longer driven. 


Dynamic RAMs 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 
symeo. [MIN MAX | MIN MAX | 


tel) Wte eyele time we 0 a ee 


Read-write/read-modify-write 
t t 220 258 305 
ofr’) _eycle time 
‘ Page-mode read or write : 
c(P) cycle time (see Note 8) Ee 
Page-mode read-modify-write 
t t 125 


tw(CL) Pulse duration, CAS low (see Note 9)| tcas | 25 10,000 30 10,000] 40 10,000 


Non-page-mode pulse duration, 
t saan t 100 10,000 120 10,000 150 10,000 
w(RL) —_- RAS low (see Note 10) nae 
Page-mode pulse duration, 
t So t 100 100,000 120 100,000 150 100,000 
20 25 


tw(WL) Write pulse duration 


: Column-address setup time 
su(CA) before CAS low 


‘ Row-address setup time ; 
su(RA) before RAS low ASR 


; Data setup time before 
su(D) W low (see Note 11) 


Read setup time before 

tsu(rd) GAS low tRcS 

: W-low setup time before 5 

su(WCL) CAS low (see Note 12) wes 
W-low setup time before 

tsu(WCH) axe high tCWL 2 
W-low setup time before 

tsu(WRH) RAS high tRWL 2 

: Column-address hold time : 

h(CA) after CAS low (see Note 171) CAH 

; Row-address hold time ' 

h(RA) after RAS low RAH 


Continued next page. 
NOTES: 6. Timing measurements are referenced to Vj, max and Vip min. 
7. All cycle times assume ty = 5 ns. 
8. tc(P) > tw(CH) Min + tw(CL) Min + 2tr. 
9. In a read-modify-write cycle, tqg(CLWL) 4Nd tsy(WCH) Must be observed. Depending on the user’s transition times, this may 
require additional CAS low time [tw (C_)]- 
10. In a read-modify-write cycle, tq(RLWL) 49d tsu(WRH) Must be observed. Depending on the user’s transition times, this may 
require additional RAS low time [tw (RL)]- 
11. Later of CAS or W in write operations. 
12. Early write operation only. 


Cond 
Oo 
n” 

= 

€ 

= 


ol 
Ww 
oO 


N 
NO 
oe) 


Ww 


N 


aN 
Nh 
(o) 
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262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 


TMS44C256-10 | TMS44C256-12 | TMS44C256-15 
SYMBOL ss 
‘ Column-address hold time 
h(RLCA) after RAS low (see Note 13) 
Data hold time after 
t SKE t 20 25 30 
‘ Data hold time after : 70 
h(RLD) RAS low (see Note 13) OHM 
; Read hold time after ’ 
h(CHrd) — GAS high (see Note 15) Sn 
: Read hold time after ; 10 10 
h(RHrd) RAS high (see Note 15) ee 
Write hold time after 
t t 20 25 30 
; Write hold time after ? 70 
h(RLW) RAS low (see Note 13) iba 
Delay time, RAS low to 
td(RLCH) CAS high 100 120 150 
Delay time, CAS high to 
td(CHRL) RAS low tCRP 
Delay time, CAS low to / 
S(CLRH) RAS high 
‘ Delay time, CAS low to ‘ 70 
d(CLWL) Wow (see Note 4) he 
Delay time, RAS low to 
t t 25 75 25 90 30 110 
d(RLCL) CAS low (see Note 14) 
Delay time, RAS low to 
t t 20 55 20 65 25 80 
d(RLCA) column address (see Note 14) 
: Delay time, column address , oie 
d(CARH) to RAS high RAL 
Delay time, column address , 
t Sie t 45 70 
AIEART __t0 TAS high Po | ee 
Delay time, RAS low to ; 
t a t 120 150 
: Delay time, column address : 
d(CAWL) to W low (see Note 4) oey 
Delay time, G high before 
t t 25 30 
d(GHD) gata at DO pee POS Ce ee 
Delay time, G low 
t ee: t 20 25 35 
ets to RAS high ae ee 


Continued next page. 
NOTES: 4. Read-modify-write operation only. 
11. Later of CAS or W in write operations. 
12. Early write operation only. 
13. The minimum value is measured when tq(RLCL) is set to tq(RLCL) min as a reference. 
14. Maximum value specified only to guarantee access time. 
15. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle. 


UNIT 


Dynamic RAMs 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 
ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 
SYMBOL oe 
; Delay time, RAS low to ; 
d(RLCH)R GAS high (see Note 16) en 
: Delay time, CAS low to ‘ 
d(CLRL)R RAS low (see Note 16) CSR 


‘ Delay time, RAS high to 3 
d(RHCL)R CAS low (see Note 16) RPC 
trf Refresh time interval 


NOTE 16: CAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 
SYMBOL [MIN MAX 


LT 
te(rd) Read cycle time (see Note 7) tRc 
te(W) Write cycle time 


noe Read-write/read-modify-write aS 
cycle time 
Static column decode mode 

*e(rd)SC read-only cycle time *SCR 
Static column decode mode 

*c(W)SC write-only cycle time ‘CSW 
Static column decode mode 'scnow | 

te(rdW)SC : : ; tsCRDW 
read-modify-write cycle time 

gat | 
tR 


ion, CAS hi 
twiCL) Pulse duration, CAS low (see Note 9) tcaAs 20 10,000 10,000 


Non-static column decode mod 
twiRL) eee ee tRAS 100 10,000 120 10,000 150 10,000 
pulse duration, RAS low (see Note 10) 


Static column decode mode 
t ee t 100 100,000 120 100,000 150 100,000 
20 


[twiwi) Write pulse duration | tw | St SC*dYSCSCSC*idSC:ié‘ 
Static column decode mode 
‘wiCA) column address pulse duration ‘ADP poo. ee 
; Static column decode mode : 10 15 
wiWH) WwW high pulse duration wi 


; Column-address setup times 
su(CA) before CAS low or W low (see Note 11) 


: Row address setup time ; 
su(RA) before RAS low ASR 
Data setup time before eesee 


UNIT 


Dynamic RAMs 


10,000 


~ 
oO 


Nh 
o1 


t SS 
su(D) W low (see Note 11) 


Read setup time before 
tsu(rd) CAS low tRCS 
; W-low setup time before . 
su(WCL) CAS low (see Note 12) Wes 
W-low setup time before 
; W-high setup time before : 
su(WHCH) CAS high (see Note 12) EHO 


Continued next page. 
NOTES: 6. Timing measurements are referenced to Vi, max and Vip min. 
7. All cycle times assume ty = 5 ns. 
9. In a read-modify-write cycle, tq(CLWL) @2Nd tsu(WCH) Must be observed. Depending on the user’s transition times, this may 
require additional CAS low time [tw (CL)]- 
10. In a read-modify-write cycle, tg(RLWL) 4Nd tsu(WRH) Must be observed. Depending on the user's transition times, this may 
require additional RAS low time [tw RL)]- 
11. Later of CAS or W in write operations. 
12. Early write operation only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. | TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT 
SYMBOL 


W-low setup time before 
tsu(WRH) RAS high tRWL 
: Read-command setup time ‘ 
su(RLrd) before RAS low WARP 


‘T) 
o 
a 
=A 
| 
c 
© 
2 


pe | 
7) 


ns 


SINWH diweudg 


ns 


~ 
o1 


Column-address setup time 
*su(CAR) before RAS high (CAR 
me tmicay __ column-address hold time 
after CAS low, W low (see Note 11) 
after RAS low 
ee Column-address hold time an Sie es ion 
after RAS low (see Note 17) 
Data hold time after 
*h(D) CAS low (see Note 11) ‘DH 
Data hold time after ; 
CAS high (see Note 15) 
RAS high (see Note 15) 
RAS low (see Note 17) 


N 
oOo 


ns 


ns 


ns 


ns 


e) 
o 
| 
7) 


oleh 
°o 
= | 
i¢7] 


Column-address hold time 


t 
h(RHCA) after RAS high 


; Output hold time after 
h(CAQ) address change 
Delay time, RAS low to 
td(RLCH) CAS high tCSH 120 
. ‘ Delay time, CAS high to 
td(CHRL) RAS low tcRP 
i Delay time, CAS low to 
'd(CLRH) AAS bigh tRSH 
; Delay time, CAS low to A 25 
d(CLWL) — W tow (see Note 4) CwD 


Continued next page. 
NOTES: 4. Read-modify-write operation only. 
11. Later of CAS or W in write operations. 
15. Either th(RHrd) OF thi(CHrd) Must be satisfied for a read cycle. 
17. The minimum value is measured when tg(RLCA) is set to tq(RLCA) Min as a reference. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) ” 
ee 
SYMBOL as cc 
CAS low (see Note 14) = 
column address (see Note 14) > 
to RAS high 
to CAS high 
Delay time, RAS low to 
to W low (see Note 4) 
data at DQ 
Delay time, G low : 
Delay time, W high to output 
td(waQ) transition from high impedance tow 
to active 
wales. Gaamentere foe | 
CAS high (see Note 16) 
fone geres [ete [= |» [= 
RAS low gee Note 16) 
cree, [we PR pe ee 
CAS low —— Note 16) 
ee fateh ew nena eee BP | 
ede ot ee a ee a ee 


NOTES: 4. Read-modify-write operation only. 
14. Maximum value specified only to guarantee access time. 
16. CAS-before-RAS refresh only. 


PARAMETER MEASUREMENT INFORMATION 


1.31V Vec = 5 V 
Rp = 2180 R, = 8280 
OUTPUT OUTPUT 
UNDER UNDER 
TEST TEST 
= Ci = 100 pF Ci = 100 pF R2 = 295 0 
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 


- FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS 
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read cycle timing 


a 
n 


ty ( RL et ViIH 
RAS | | 
| ! | 
| | VIL 
| Ly d(RLCL) 
| AIDE Seca Vg RO sa baad sical 
| 
| 


e ‘leas es | : ViH 
| . I 
. l 4 | a | ViL 


p+ tdiRLCA) 7 [nt sic 
| | tsu(CA) | | | | 
thiRA)—el be pet ticacH} 4 |_| | 
a I tsuiRA) mean tp cane | 


2) 
> 
”n 


VV VY V/V V 


A0-A8 QXXXX 0 DON'T CARE XY) 
x aVa avava Vit 
| beet thica) | =F thirHrd) 


thiCHrd) 
}. Y¥VVV VY V/V “@ J Ta" 
en ) 
w DON’T CARE) 

WERAsaAtt | | XK X x 

| 
| | preter + tastcr — => 
pes 
| halCA) rs | 


DQ1- REE bat REN Ty VALID 


| 
tt tis(G) 
-—— tac) ——4 ‘ 
1H 
- PRA es aes. NR vate Sek TS Si 
VIL 


NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time. 
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read cycle timing 


PT oe ee crt tne 
{beg tw RL) 54 i 
| | ViH 


| | 
l oa , j 


‘d(RLCH) ft —-T td (CHRL) ° 


ty | | 
ag La Vi Vin 
ahead | | 
CAS —td(RLCA) +<+———_> J/\ || 
met tsu(CA) fet ty | fy ef VIL 


pet taicAcH) ——y | tet keetiRHca) 
we td(CARH) 1 | 


VIL 


ViH 


VIL 


hee th (RHrd) 


| | l 
| at tsutra) = | pon sel thiCHrd) 


= CawaSAUawaNa wa SaWaneava tata avn eave eama Cate 
a OO) OY ee OK 
wT ee” 


| 
| 
Ke—taic) el | | 
| -———taica) | Bro Se 
‘- NOTE VOH 
pa4 es) 
el a RS, | a ia 
a: | 
: Lae tylcshecnel l a K®tdis(G) 


7) 


rn | GLA) ea aR ih 
VIL 


NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time. 
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early write cycle timing 


te((W) ———— | 


gear ees tw (RL) —£——————x VIH 
RAS 
| fy Bi at eas = 


"pesae tt 
7 ae td(RLCL) 
| 


t 
8: | aaa | 


| 

be rn I CHAE ee oa 
See | | 

| | 


ta(RLCH) ae 
CAS | lA | 
=| Pp tsura) twiCH) Vi 
| i td(CACH) ——————=|_ | 
i 


ecu \aoa NS EOS. 
| 


| 
WITTY VV OV VIH 
; 0) OXXAX) 
om ETRE : 
fae et td(RLCA) ! 
7 jo —_—$}—| — tsu(weou) iedines | 
ee tsu(WRH) 
— YYyvyyVvyvvv XX poo—— th(CLW) XXX XXKXK VevAvAy, v VAVAVAVATAVAY, XXX) ¥ XX ViH 
W QDON'T CARE Ea} suiweu RRR Ro CARER oN ; 
l tw(WL) —————¥} “3 
l ( be thip) = 
$$$ th (RL) ————____} 
tsu(D) ——>| | y 
Dat SAX VALIO DATA PRR RRR oN CATE RR RRR 
VVJVJ SV SS SY SS YY YS YS YY SY YY SY YY YW SPS YY YY SY YS CY YAY SV YP SY YS SYA SSS \/ ViH 
~ OX KKK KX? XX XA? XK) XXX XXKXKXXXXKKKKKK KKK KKK KKM Y 
S RRR RRR oom ARENA RRS ARR RS RRR RKIIRAR 
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early write cycle timing 


to( Ww) —_— 


See eee ees ViH 
ci | | feta tgp) mmc Vit 
— t | | 


td(CLRH) ———""|1 
eel bet ————— td CHRL) ————= 
: a ty OL 


| 
PSs) 7 td(CARH) t+ -™} 
| -—=+ tsu(CA) te a 


Dynamic RAMs 


th(RA) : 4 f= fis 
i h(RLCA) Vin 
won} (com ERT RED 7 
IVZVAVZAVALAVANANAALAA NAN AALNANLS Mir 
| | 
me tanta ‘ICA) fs ali tsu(WHCH) 
l b—+-}— tsu { cp Naa 82, l 
th(RLW) ca aon | Vin 
(CLW) VaVaVal etal a aAV aval aVar ar aval avaVavavaVava lav aVAavavVAatAay, 
w tt Feuer, ARR RAR CONT CARE RRA RAR 
Wii) at " 
L perp ester = Nh 
tsu(D) ——I | = 
PIII =O IH 
D Q1 é xXx \/ XxX \/ XXX KKK OX \/ XX VV/V/Y es * = ¥ & & % 
Dot BAR BRR Ro ATE RR NORE 
7 VIH 
eed / XX KKK K KKK XXXKK KKK KX KKK Xx KXX Vevey, Vavaray, XXX KX X \/ XXXX \/ XX KKK X XXKXKX KK KX) 
5 RRR RRR A ENR SRR RRR RR RRR 
hig | 
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write cycle timing 


PRS PORT ah at IR ——. eet 
| -—<——$—$ ty (RL) eee | 


| | VIH 
RAS \! Vf; 
l | | Vit 
—_ Eas ——— td(CLRH) a mca 
| f7—— ‘tdiRicL) Geen Ns A 
n ait TA ESSE eh TL | 
7 wie : VIH 
; 
7 | : | VIL 
| tsu(CA)—-<—_—_——_ | | ee with 
‘h(RA) -———~ Sg DSHERSIR CEES Secs sok STR 
<4 er tsuipai WiCACHIS | 


thi | 

= thi RLCA)} >t | e 

7 “ic SS” S”—‘<é‘é—sW””SPF”~s”«eoatji—s«d SUV UY VU UY lH 
i YY SOP NX XXXXXX KAKA KKK XXX KKK XY ) ‘ 

! 
thicAAs|, fF 
aIRLCAY a NOTE 4 ta WH) — : 
tsu(WRH) 


BOT aw a a Ta A OU AE AY Aa OY 5 OF a SY 4 es <a Oe? nO 


| tsu(D) 4 
nc, |. 3) tee ET tn 


Vi/VOH 
VALID DATA 


(XX 


Vit/VOL 


| 
bk — td(GHD) ——= 


NOTE 11: Later of CAS or W in write operation. 
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read-write/read-modify-write cycle timing 


eee 
| $$ $ $$ (WIR) see eel 


ee me PRUNES ne eae | : —twinty)——y 
ro tail) —a | -—-— tdicHRL) >t 2 
ae | | 
a rta(RLCA) | 7 ! va 
th(RA)—Le—ee PT suica | be ——— tC) 4 
Bat be}tsuiRA) Pal 
in prays cae | | 


AO-A8 () COLUMN | 
\ £ aW, , fy AA L A “iy NAA A LN Z ViL 
th(CA) jaa Become 


| 

| 

| oat eesetele be t5(WRH) ——4 
t 

| sea a aan td(CLWL- | re tert 


Vv VW Y¥ VV Y¥ 
Ww : 
/ XXX) 
f\ | ry AV.~.GaGava 


speaenges a /_————--~ thio) aise 
f=—— tsu(D) — 


oe Vin/VOH 


& Vit/VOL 


sn ath 


| 
per td(GHD)—" 


| 
| 
Bic et 
ko—— ta(G) —— ViH 
SG \ | y, 
VIL 


Dynamic RAMs | 
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enhanced page-mode read cycle timing 


. ViH 
5 pews ‘ ‘aisha cs Sb ae a I BE tw(RL)P / \ 
| VIL 


a 
> 
” 


pt ol | | 
! ‘wiCL) : wien Is— ta(CLRH)——=1 - 
Te 
CAS. 7 | \ \ V : \ i! | | 
| | | | | S Mit 
hee | 
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NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time. 
19. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 


specifications are not violated. 
20. Access time is ta(cp) Or ta(cA) dependent. 
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enhanced page-mode write cycle timing 
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NOTES: 21. A read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write 


timing specifications are not violated. 
22. Referenced to CAS or W, whichever occurs last. 
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enhanced page-mode read-modify-write cycle timing 
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NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time. 


23. A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications 
are not violated. 
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262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 


static column decode mode read timing with CAS cycling 
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TMS44C0256, TMS44C257 
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static column decode mode read cycle timing 
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NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time. 
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static column decode mode early write cycle timing 
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static column decode mode write cycle timing 
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static column decode mode read-modify-write cycle timing with CAS cycling 
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NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time. 
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RAS-only refresh timing 
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hidden refresh cycle (enhanced page mode) 
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hidden refresh cycle (static column decode mode) 
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automatic (CAS-before-RAS) refresh cycle timing 
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TMS4C1024, TMS4C1025, TMS4C1027 
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


MAY 1986—REVISED MAY 1988 


1,048,576 x 1 Organization N PACKAGE 
| PV 
Single 5-V Supply (10% Tolerance) (TOP VIEW) 


@ Performance Ranges: 


ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 
ta(R) ta(C) ta(cA) WRITE 


(trac) (tcac) (tcaa) CYCLE 
(MAX) (MAX) (MAX) = (MIN) 


TMS4C102_-10 100 ns 25 ns 45 ns 190 ns 
TMS4C102_-12 120 ns 30 ns 55ns 220ns 
TMS4C102_-15 150 ns 40 ns 7Ons 260ns 


@® TMS4C1024—Enhanced Page Mode Operation DJ PACKAGE 
for Faster Memory Access (TOP VIEW) 
— Higher Data Bandwidth than Conventional 
Page-Mode Parts 
-- Random Single-Bit Access Within a Row 
with a Column Address 


@® TMS4C1025—4-Bit Nibble Mode Operation 
— Four Sequential Single Bit Access Within 
a Row By Toggling CAS 


@® TMS4C1027—Static Column Decode Mode 
Operation 
— Random Single-Bit Access Within a Row with 

Only a Column Address Change 

@ One of TI’s CMOS Megabit DRAM Family Including: 
TMS44C256— 256K x 4 Enhanced Page Mode 
TMS44C257—256K x 4 Static Column Decode tThe packages shown here are for pinout reference only. 
Bel TH Smee The DJ package is actually 75% of the length of the N 


@ Long Refresh Period . . . 512-Cycle Refresh in 
8 ms (Max) 


Dynamic RAMs 


Address Inputs 


@® 3-State Uniatched Output Column-Address Strobe 
@ Low Power Dissipation Daten 
No Connection 
@ Texas Instruments EPIC™ CMOS Process Data Out 
@ All inputs/Outputs and Clocks Are TTL neg ores 
Compatible Test Function 
Write Enable 
® High-Reliability Plastic 18-Pin 300-Mil-Wide 5-V Supply 
DIP or 20/26-Lead Surface Mount (SOU) Ground 
Packages 
@ Operating Free-Air Temperature 0°C to 70°C 


Operations of TI's Megabit CMOS DRAMs 
Can Be Controlled by Tl’s SN74ALS6301 
and SN74ALS6302 Dynamic RAM 
Controllers 


7IC is a trademark of Texas Instruments Incorporated. 


Copyright © 1986, Texas Instruments Incorporated 
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TMS4C1024, TMS4C01025, TMS4C1027 
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


description 


SINWH diweudg 


The TMS4C1024, TMS4C1025, and TMS4C1027 are high-speed, 1,048,576-bit dynamic random-access 
memories, organized as 1,048,576 words of one bit each. They employ state-of-the-art EPIC™ (Enhanced 
Process Implanted CMOS) technology for high performance, reliability, and low power at a low cost. 


These devices feature maximum RAS access times of 100 ns, 120 ns and 150 ns. Maximum power 
dissipation is as low as 330 mW operating and 16.5 mW standby on 120 ns devices. 


The EPIC™ technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. ICC peaks are 140 mA typical, and a — 1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TMS4C102_ are offered in 18-pin plastic dual-in-line (N-suffix) and 20/26-lead plastic surface mount 
SOJ (DJ suffix) packages. These packages are guaranteed for operation from O°C to 70°C. 


operation 


enhanced page mode (TMS4C 1024) 


Enhanced page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. The time for row-address setup and hold and address multiplex is 
thus eliminated. The maximum number of columns that may be accessed is determined by the maximum 
RAS low time and the CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns 
specified by column addresses AO through AQ can be accessed without intervening RAS cycles. 


Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the 
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling 
edge of CAS latches the column addresses. This feature allows the TMS4C1024 to operate at a higher 
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address 
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced 
page mode.” Valid column address may be presented immediately after row address hold time has been 
satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after ta(c) max 
(access time from CAS low), if tg(cA) max (access time from column address) has been satisfied. In the 
event that column addresses for the next page cycle are valid at the time CAS goes high, access time 
for the next cycle is determined by the later occurrence of ta(C) or ta(CP) (access time from rising edge 
of CAS). 7 


nibble mode (TMS4C1025) 


Nibble-mode operation allows high-speed read, write, or read-write-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time as long as 
ta(R) and ta(CA) are satisfied. The next sequential bits can be read or written by cycling CAS while RAS 
remains low. The first bit is determined by the row and column addresses, which need to be supplied only 
for the first access. Row AQ and column AQ provide the two binary bits for initial selection, with row A9 
being the least-significant address and column AQ being the most significant. Thereafter, the falling edge 
of CAS will access the next bit of the circular 4-bit nibble in the following sequence. 


poe AO, CO th ee ee 


Data written in a sequence of more than 4 consecutive cycles shall be capable of being read back without 
exiting from the nibble mode. In a sequence of consecutive nibble-mode cycles the control of the high- 
impedance state for the data out (Q) pin is determined by each individual cycle. This facilitates fully mixed 
nibble-mode cycles (e.g., read/write/read-modify-write/read etc.). 


4-152 


4s 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS4C1024, TMS4C€1025, TMS4C1027 
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


static column decode mode (TMS4C1027) 


The static column decode mode of operation allows high-speed read, write, or read-modify-write by reducing 
the number of required signal setup, hold, and transition timings. This is achieved by first addressing the 
row and column in the normal manner, but after the first access, maintaining CAS low. Subsequently 
changing the column address produces valid data at ta(CA). The first bit is accessed in the normal manner 
with read coming out at ta(R) time. Similarly, write or read-modify-write cycle times can be achieved with 
appropriate toggling of W. The addresses are latched during the write operation, but at the completion 
of the internal write operation the addresses are unlatched. 


address (AO through A9) (TMS4C1024, TMS4C1025) 


Twenty address bits are required to decode 1 of 1,048,576 storage cell locations. Ten row-address bits 
are set up on inputs AO through AQ and latched onto the chip by the row-address strobe (RAS). The 
ten column-address bits are set up on pins AO through AQ and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the output buffer, as well as latching the address bits into the column-address buffer. 


address (AO through A9) (TMS4C 1027) 


Twenty address bits are required to decode 1 of 1,048,576 storage cell locations. Ten row-address bits 
are set up on inputs AO through AQ and latched onto the chip by the row-address strobe (RAS). 
The ten column-address bits are set up on pins AO through AQ. Row addresses must be stable on or before 
the falling edges of RAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well 
as the row decoder. In a write cycle, the later of CAS or W latches the column address bits. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, 
permitting common 1|/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior 
to CAS and the data is strobed in by C. CAS with setup and hold times referenced to this signal. In a delayed- 
write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup 
and hold times referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output becomes valid after the access time 
interval ta(c) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied. 
The output becomes valid after the access time has elapsed and remains valid while CAS is low; CAS 
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output 
will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least once every eight milliseconds to retain data. This can be 
achieved by strobing each of the 512 rows (AO-A8). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 


Fig 
EXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


Dynamic RAMs 


4-153 


TMS4C1024, TMS4C1025, TMS4C1027 
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


SINWH diweudg 


thus conserving power as the output buffer remains in the high-impedance state. Externally generated 
addresses must be used for a RAS-only refresh. Hidden | refresh may be performed while maintaining valid 
data at the output pin. This is accomplished by holding CAS at Vj, after a read operation and cycling RAS 
after a specified precharge period, similar to a RAS-only refresh cycle. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS > [see parameter tq(CLRL)R! and 
holding it low after RAS falls [see parameter tq(RLCH)RI. For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. The external address is also ignored during the hidden refresh cycles. 


power up 


To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization 
cycles is required after full Vcc level is achieved. 


test-function pin 


During normal device operation the TF pin must either be disconnected or biased at a voltage less than 
or equal to VCc. 


logic symboit 


RAM 1024K x 1 
20D10/21D0 


0 


A 7048,575 


20D19/21D9 


TThis symbol is in accordance with ANSI/IEEE Std 91-1 984 and IEC Publication 617-12. 
The pin numbers shown are for the 18-pin dual-in-line package. 
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functional block diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


9g MOIEAGG PATIO BAY Da os oe eg ns ee aes ola 0 arg ee a ss eee ae —-1Vto 7V 
| MINEO TANOE OU ME en stig any os aks on Ee se kee pe Bd ays ee ee bs -1Vto7V 
5 SAP WOR CIRC UIe COULEIIERE URI OTNG oaks cee Sg ae ae pide ony Son ee oe eg oe a 50 mA 
i eg ei 1 Le oy eee kN Aa eee eer a i re Me Rae os RO OR Bre sn Me Wrap WER SE SASS, Coa ie 1W 
© Operating free-air temperature range. * Skee a ee ee CG RS Fee ee OFC. to 70°C 
> Storace- temperate tans bii.es cs a ee Re ee a ale ee Pe -65°C to 150°C 
= TStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
” only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 


Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. & 
NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vi High-level input voltage 
Vit Low-level input voltage (see Note 2) 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


; % 
electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


VoL Low-level output voltage L= 


Vi = OVt0 6.5 V, Voc = 
I Input current (leakage) : 

All other pins = O V to Vcc 

Vo = OV to Vcc. Vcc = 5.5 V, 
| Output current (leakage eanite 
O utput current ( ge) CAS high 


Icc1 Read or write cycle current] Minimum cycle, Vcc = 5.5 V 


' After 1 memory cycle, 

COZ , Standhy current RAS and CAS high, Viy = 2.4 V 
Minimum cycle, Vcc = 5.5 V, 

Icc3 Average refresh current RAS cycling, CAS high 


Average page current te(P) = minimum, Vcc = 5.5 V, 
Icc4 ARE ow ci 

(TMS4C1024) RAS low, CAS cycling 
Average nibble current te(N) = minimum, Vcc = 5.5 V, 
(TMS4C1025) RAS low, CAS cycling for 4 cycles 
Average static column te(rdW)SC = Minimum, 
Icc6 decode current Vcc = 5.5 V, 

(TMS4C 1027) RAS low, CAS cycling 


ICc5 
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Capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 
(see Note 3) 


ee ae eee pana ee 
Cj(q) Input capacitance, address inputs Meee 2 he 
Ci(p) ‘Input capacitance, data input Pics "Ore foe ci! 
Ci(RC) Input capacitance, strobe inputs 
Cw) |nput capacitance, write-enable input 
Co Output capacitance 


NOTE 3: Vcc equal to 5.0 V + 0.5 V and the bias on pins under test is 0.0 V. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 


PARAMETER ok 
SYMBOL 


ta(C) Access time from CAS lowt 
ta(CA) Access time from column-addresst 


ta(R) Access time from RAS low! 
Access time from column precharge 


‘a(CP) — (rMs4c1024 only) 


ta(C)N Access time from CAS low (TMS4C1025 only) tNCAC 


ta(WHQ) Access time from W high (TMS4C1027 only) tWRA 


ta(WLQ) Access time from W low (TMS4C1027 only) 
Static column decode mode 
th(CAQ) Output hold time after 
address change (TMS4C1027 only) 
Static column decode mode 
thiwQ) output hold time after 
W low (TMS4C1027 only) 


TParameters apply uniformly to TMS4C1024, TMS4C1025, TMS4C1027. 
NOTE 4: tgis(CH) is specified when the output is no longer driven. 


PARAMETER MEASUREMENT INFORMATION 


1.31 V ~oe = ay 
R1 = 8280 
Ri = 2 1 
ree OUTPUT 
UNDER wane 
TEST | 


(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 


FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. | TMS4C1024-10| TMS4C1024-12 
SYMBOL 


ep) Page-mode read or write cycle time (see Note 7) | tec | 
teiphay_Page-mode read-modify-write cycletme | ‘pcm 
ky SOP 


tw(CH) Pulse duration, CAS high tcp 
tw(CL) Pulse duration, CAS low (see Note 8) tCAS 25 , 
tw(RH Pulse duration, RAS high (precharge) PY tip 


Non-page-mode pulse duration, RAS low 
t t 100 10,000 
wie) (see Note 9) RAS 


tw(RL)P Page-mode pulse duration, RAS low (see Note 9) | tRASP | 100 100,000 
tw(WL) Write pulse duration 


tsu(CA) Column-address setup time before CAS low 


tsu(RA) | Row-address setup time before RAS low | tasR | 
tsu(D) Data setup time (see Note 10) a es 


a 


th(RA) Row-address hold time after RAS low 


; Column-address hold time after RAS low 
h(RLCA) (see Note 12) 


= 
8 
& 
_ 
ol 


SINVH oilweudg 


w 
o 
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2 
L 
o 
ae 
o 


70 
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Continued next page. 
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NOTES: 

5. Timing measurements in this table are referenced to Vij max 10. Referenced to the later of CAS or W in write operations. 
and Vip min. 11. Early write operation only. 

6. All cycle times assume ty = 5 ns. 12. The minimum value is measured when tg(RLCL) is set to 

7. To guarantee tc(p) min, tsy(CA) Should be greater than or td(RLCL) Min as a reference. 
equal to tw(CH)- 13. Read-modify-write operation only. 

8. In a read-modify-write cycle, tq(CLWL) 8Nd tsu(WCH) 14. Maximum value specified only to guarantee access time. 
must be observed. 15. Either th(RHrd) OF th(CHrd) Must be satisfied for a read 

9. In a read-modify-write cycle, tq(RLWL) 2d tsy(WRH) cycle. 


must be observed. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 


Delay time, column address to W low 


Dynamic RAMs 


*d(CAWL) (see Note 13) 


Refresh time interval 
Transition time 


NOTES: 13. Read-modify-write operation only. 
16. CAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


2 eee a as a 
5 SYMBOL| MIN MAX | MIN = MAX | MIN MAX | 
3 te(rd) Read cycle time (see Note 6) tRC SRS REE cs 
= LIMOS: 2 FRR = 

te(rdw) _Read-write/read-modify-write cycle time tRWw he alesees CE eaienecets Sieger 
> Se AO et ee ner) 
x ial RECS ee) ea he ee 
a St A 80 ST ee 


N 
oOo 
a 
2° 
nN 
a 
— 
AS 


35 10,000 


twiCL) Pulse duration, CAS low (see Note 8) 


tw(RH) Pulse duration, RAS high (precharge) 
Pulse duration, RAS low 

(see Note 9) 

tw(WL) Write pulse duration 


twi(RL) 


tsu(CA) | Column-address setup time before CAS low tasc 


tsu(RA) | Row-address setup time before RAS low 
tsu(D) Data setup time (see Note 10) 


a 6 
8 
= 
oS 
S 
fo) 
S 
—_ 
oi 
eo) 
S 


tsu(rd) Read setup time before CAS low 
tsu(WCL) W-low setup time before CAS low (see Note 11) twcs 
tsu(WCH) W-low setup time before CAS high 
tsu(WRH) W-low setup time before RAS high — 
thiCLCA) Column-address hold time after CAS low 
th(RA) | Row-address hold time after RAS low 


; Column-address hold time after RAS low 
h(RLCA) (see Note 12) 
th(D) Data hold time (see Note 10) 


tCAH 


ro + +ilea 
oO vu bs] og eee | wag 


| 
°o 


Lad 


D 


pas 


th(RLD) Data hold time after RAS low (see Note 12) 
thiCHrd) Read hold time after CAS high 

th(RHrd) Read hold time after RAS high 

thi(CLW) Write hold time after CAS low (see Note 11) 


Write hold time after RAS low 
(see Notes 11 and 12) 


td(RLCH) Delay time, RAS low to CAS high 

td(CHRL) Delay time, CAS high to RAS low 

td(CLRH) Delay time, CAS low to RAS high 

td(CLWL) Delay time, CAS low to W low (see Note 13) 
td(RLCL) Delay time, RAS low to CAS low (see Note 14) 


tRCH 


~~ 
o 


~ 


thi(RLW) 


tCSH 


tRCD 


Delay time, RAS low to column-address 
*d(RLCA) (see Note 14) 


Continued next page. 


NOTES: 
5. Timing measurements in this table are referenced to Vj; max 10. Referenced to the later of CAS or W in write operations. 
and Vip min. 11. Early write operation only. 
6. All cycle times assume ty = 5 ns. 12. The minimum value is measured when tq(RLCL) is set to 
8. In a read-modify-write cycle, tq(CLWL) 4Nd tsu(WCH) td(RLCL) Min as a reference. 
must be observed. 13. Read-modify-write operation only. 
9. In a read-modify-write cycle, tq(RLWL) 8Nd tsu(WRH) 14. Maximum value specified only to guarantee access time. 


must be observed. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 
ALT. | TMS4C1025-10| TMS4C1025-12 |TMS4C1025-15] | 
syMBol [MIN MAX | MIN MAX | MIN MAX 


td(RLWL) Delay time, RAS low to W low (see Note 13) 


Delay time, column address to W low 


Dynamic RAMs 


*d(CAWL) (see Note 13) 


Refresh time interval 
Transition time 


NOTES: 13. Read-modify-write operation only. 
16. CAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


SYMBOL 


Static column decode mode 
write cycle time 
Static column decode mode, 
read-modify-write cycle time 

tw(CH) Pulse duration, CAS high 

twi(CL) Pulse duration, CAS low (see Note 8) 
Non-static column decode mode 
pulse duration, RAS low (see Note 9) 
Static column decode mode 
*w(RL)P pulse duration, RAS low (see Note 9) 


tw(WL) Write pulse duration 


‘ Static column decode mode 
wiCA) column-address pulse duration 


Static column decode mode 

‘wiWH) ow high pulse duration, inactive ‘wi 
Column-address setup time before CAS, 

*su(CA) W low (see Note 10) ‘ASC 


tsu(CAR) | Column-address setup time before RAS 


tsu(RA) Row-address setup time before RAS low | tasr | 
tsu(D) Data setup time ee 


{WCS 


Setup time, W high to CAS high for early write, 
*su(WHCH) high impedance 
th(CA) Column-address hold time after CAS, W low 
(see Note 10) 


th(RA) Row-address hold time after RAS low 


Column-address hold time after RAS low 
(see Note 18) 


te(rdW)SC 


. 


— 
8 
ak 
° 


tw(RL) 


H 


+ 
ae 


th(RLCA) 


Continued next page. 


NOTES: 
5. Timing measurements in this table are referenced to Vj, max 11. Early write operation only. 
and Vjy min. 18. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle. 


6. All cycle times assume t; = 5 ns. 
8._In a read-modify-write cycle, tq(CLWL) 4nd tsy(WCH) Must 
be observed. 
9. In a read-modify-write cycle, tq(RLWL) 2Nd tsu(WRH) 
must be observed. 
10. Referenced to the later of CAS or W in write operations. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 


ALT. TMS4C1027-10 | TMS4C1027-12 | TMS4C1027-15 
SYMBOL CMiN MAX | MIN MAX 


ino) Data hold time eeNow 10) ———S~«d~St | 20 

pup) Dsta hold ine ster EASlow lsooNow 17) S| “tpi | 70. | ee 
ting) Reed old time ater high soe Note 18) | tran _ 
Cteiicay Colum adress hot imo shee FAS Noh —— aa | 


; Static column decode mode second column- 3 
h(WLCA2) address hold time after W low (see Note 13) AHLW 


UNIT 


| 
oO 


lad 
is 
= 
Ws 
OQ 
= 
Oo 
o 
i) 
< 
eS 
3 
2 
o 
= 
oma 
° 
° 
o 
c 
3 
Ss 
® 
a. 
a 
= 
i) 
77) 
o“ 
ons 
- 
> 
oO 


td(CLWL) Delay time, CAS low to W low (see Note 13) 


? Delay time, RAS low to column address 
dIRLCA) (see Note 14) 


Ww 
oO 
aN 
BEN 
o1 


NO 
o 
Ww ~ SW iw] @ 
OT O-pcr 
~~ 
oOo 


td(RLWL) Delay time, RAS low to W low (see Note 13) 

Fea Static column decode mode = 
delay time, RAS low to second W low 

Segui Delay time, column address to W low 
(see Note 13) 

iene Delay time, W high to output transition 
from high impedance to active 


td(CLRL)R Delay time, CAS low to RAS low (see Note 16) 


td(RHCL)R Delay time, RAS high to CAS low (see Note 16) 
tr Refresh time interval 


Transition time . 


oO 


o 


Ww 
oa 
oO 


NOTES 

10. Referenced to later of CAS or W in write operations. 16. CAS-before-RAS refresh only. 

11. Early write operation only. 17. The minimum value is measured when tq(RLCA) is set to 
13. Read-modify-write operation only. td(RLCA) min as a reference. 

14. Maximum value specified only to guarantee access time. 18. Either th(RDrd) OF th(CHrd) must be satisfied for a read cycle. 
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read cycle timing 
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ORS. EC te(rd) eS RRS eS 
br RL) eee Vin 


| | 

}e—— td(CLRH) ——AY |. 7 
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td(RLCH) ————-—»_ ke +-+4— ta CHRL) ———| 


t ‘ 
oe LH si 
CAS al | ‘i. 
td(RLCA) 7+» l ViL 
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ta(CACH)———= | 
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VIL 
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th(RA) ~— 
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—s  Ftsu(RA) pee CAB 7 
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th(RLCA) 
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read cycle timing 


SoC Oe a ey Ree es 
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NOTE 19: Output may go from high impedance to an invalid state prior to the specified access time. 
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early write cycle timing 
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early write cycle timing 
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NOTE 10: Referenced to the later of CAS or W in the write operations. 
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write cycle timing 
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write cycle timing 
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NOTE 10: Referenced to the later of CAS or W in the write operation. 
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read-write/read-modify-write cycle timing 
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read-write/read-modify-write cycle timing 
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enhanced page-mode read cycle timing 
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NOTES: 20. A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write 
timing specifications are not violated. 
21. Access time is ta(cp) or ta(cA) dependent. 
22. Output may go from three-state to an invalid data state prior to the specified access time. 
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enhanced page-mode write cycle timing 
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NOTES: 23. A read cycle or a read-modify-write cycles can be intermixed with write cycle as long as read and read-modify-write timing 
specifications are not violated. 
24. Referenced to CAS or W, whichever occurs last. 
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enhanced page-mode read-modify-write cycle timing 
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NOTES: 22. Output may go from three-state to an invalid data state prior to the specified access time. 
25. A read or write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications 
are not violated. 
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nibble-mode read cycle timing 
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nibble-mode write cycle timing 
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nibble-mode read-modify-write cycle timing 
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static column decode mode read timing with CAS cycling 
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NOTE 19: Output may go from high impedance to an invalid data state prior to the specified access time. 
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static column decode mode read cycle timing 
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NOTE 19: Output may go from high impedance to an invalid data state prior to the specified access time. 
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static column decode mode early write cycle timing 
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static column decode mode write cycle timing 
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static column decode mode read-modify-write cycle timing with CAS cycling 
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NOTE 19: Output may go from high impedance to an invalid data state prior to the specified access time. 


xas 3 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


4-182 


TMS4C1027 
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY 


static column decode mode with read-modify-write cycle timing 
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RAS only refresh timing 
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device symbolization 
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SUPPORT LITERATURE AVAILABLE 
The following literature is available from Texas Instruments for assistance in DRAM design. Please contact your 
local TI sales office to obtain a copy. 
1 MEGABIT DRAM FAMILY DATA SHEETS 


‘ TMS44C256 — Specifications for the 1 Megabit DRAM organized 256K x 4 with enhanced page 
mode access. (SMGS256) 


. TMS44C257 — Specifications for the 1 Megabit DRAM organized 256K x 4 with static column’ 


decode. (SMGS257) 
Single-in-Line Package Memory Modules 


. TMO24GAD8, TMO24EAD9 — Specifications for the socketable 1 Megabit x 8 and 1 Megabit x 9 
Single-In-line Package memory modules. (SMMS102C) 


2 TMO24HAC4 — Specifications for the leaded 1 Megabit x 4 Single-In-line Package memory module. 
(SMMS104A) ; 


DESIGN CONSIDERATIONS 


2 Megabit DRAM Topology — The information in this report is useful in developing algorithms for cell 
sensitivity tests on Tl’s 1 Megabit DRAM configurations. (SMGAO001) 


TECHNICAL ARTICLE REPRINTS 


° 1 Megabit Memories Demand New Design Choices — Discusses technical, technological, operational, 
and packaging issues pertaining to Megabit DRAMs. (SMZY018) 


. 1-Megabit DRAMs Spark Tech Advances — Chip designers are proposing technological changes 
promising to significantly alter the design and layout landscape of the next generation of memory 
boards. (SMZY020) 
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1,048,576-BIT FIRST-IN FIRST-OUT 


PSEUDO-STATIC MEMORY 
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High Speed Read/Write Cycle (30 ns Min) BS rie. saPtoe 


CYCLE TIME 


ACCESS 


TMS4C1050-3 30 ns | 30 ns SD PACKAGE DJ PACKAGE 
TMS4C1050-4 40 ns 40 ns (TOP VIEW) (TOP VIEW) 
TMS4C1050-6 60 ns | 60 ns i 
@ Low Power Dissipation (Average RSTW|]2 
IDpD = 50 mA at Minimum Cycle) SWCKLJ]3 
@ On-Chip Substrate Bias Generator ate 
@ 1 Megabit CMOS DRAM Compatible 
Process Technology 
@ Texas Instruments EPIC™ (Enhanced 
Process Implanted CMOS) Technology 
@ Operating Free-Air Temperature 


...0°C to 70°C 


description 


The TMS4C1050 provides four-bit parallel and 
asynchronous serial read and write operations 
(first-in first-out feature) with each bit furnishing 
access to 262,144 words. 


The device employs state-of-art EPIC™ 
(Enhanced Process’ Implanted CMOS) 
technology for high performance, reliability and 
lower power at low cost. 


A dynamic data storage cell is employed as the 


Data-in 

Data-Out 

Read Enable 
Reset Read 

Reset Write 

Serial Read Clock 
Serial Write Clock 
5-V Supply 


ADVANCE INFORMATION c Dynamic RAMs 


Ground 
Write Enable 


main data memory to achieve high density. Arbitration logic is implemented in the TMS4C1050, supplying 
a refresh-free system. The built-in arbitration logic prevents any conflict between data-saving, data-loading, 


and memory-refresh requests. 


The TMS4C1050 is offered in a 16-pin plastic dual-in-line package (N suffix) designed for insertion in 


mounting hole rows on 7,62-mm (300-mil) centers. This device is a 


Iso offered in a 20-pin 400-mil zig-zag 


in-line package (SD suffix) and a 300-mil 20/26-lead plastic surface mount SOJ package (DJ suffix). 
The latter two versions of the TMS4C1050 are still in development, and the ADVANCE INFORMATION 
notices in this data sheet pertain only to the SD and DJ packaged devices. 


The TMS4C1050 is guaranteed for operation from O°C to 70°C (L suffix). 


EPIC is a trademark of Texas Instruments Incorporated. 


ADVANCE INFORMATION concerns new products in 
the sampling or preproduction phase of 
Characteristic data and other specifications are 
subject to change without notice. 
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TMS4C1050 
1,048,576-BIT FIRST-IN FIRST-OUT 
PSEUDO-STATIC MEMORY 


E SINWH diweudg 


operation 


write enable (W) 


W is used as a D enable/disable. A logic high on the W input enables the input and a logic low disables 
the input and holds the internal write address pointer (head address). W disable time (low) can be expanded 
to 1 ms. In case W is held low over 1 ms, an RSTW operation will be required to achieve proper write 
operation. Note that W setup times are referenced to the rising edge of SWCK for D enable/disable. 


reset write (RSTW) 


RSTW input initializes the write address pointer (head address). RSTW setup and hold times [tsy(RW), 
th(RW)] are referenced to the rising edge of SWCK. 


serial write clock (SWCK) 


The SWCK input latches the data inputs on chip when W is high and also increments the internal write 
address pointer. 


data inputs (DO-D3) 


Data is shifted in the data registers on the rising edge of SWCK when W is high. D setup and hold 
times [tsu(D), th(D)] are referenced to the rising edge of SWCK. 


read enable (R) 


R is used as a QO enable/disable. A logic high on the R input enables the output and a logic low disables 
the output and holds the internal read address pointer. The outputs are in the high-impedance (floating) 
state as long as R is held low. R disable time (low) is required below 1 ms. If R is held low over 1 
ms, an RSTR operation will be required to achieve the proper read operation. Note that R setup times 
are referenced to the rising edge of SRCK for Q enable/disable. 


reset read (RSTR) 


RSTR input initializes the read address pointer (head address). RSTR setup and hold times [tsy(RR), th(RR)] 
are referenced to the rising edge of SRCK. 


serial read clock (SRCK) 


Data is shifted out of the data registers on the rising edge of SRCK when R is high during the read 
operation. The SRCK input increments the internal read address pointer when R is high. 


data output (Q0-Q3) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistors required) with a fanout 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output becomes valid after 
the access time interval ta(RC) that begins with the positive transition of SRCK. Q valid times [ty(RCH)] 
are referenced to the rising edge of SRCK in the next cycle. 


write cycle 


The write operation is controlled by three clocks, SWCK, RSTW, and W. It is accomplished by cycling 
SWCK and holding W high after the write address pointer reset operation (RSTW). To transfer the last 
data in data register to memory array, a RSTW operation at W low is required after the write operation. 
The write operation must be performed by a minimum of 120 write cycles. 


read cycle 


The read operation is controlled by three clocks, SRCK, RSTR, and R. It is accomplished by cycling SRCK 
and holding R high after the read address pointer reset operation (RSTR). 
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SRE aS SU Ra SS A TP PE ET, BES TRAE ERS MB ED ak ERE A Rc AS aS eb SS oT ee LE A CEB WAR 
power up 


To achieve proper device operation, an initial pause of 100 us is required after each power-up to the 
full Vcc level followed by a minimum of one (1) SWCK and SRCK cycle for each write and read respectively. 
After power-up, write/read address pointers are not valid. RSTW and RSTR operations must be performed 
to initialize the write/read address pointers. 


new data access 

To access the new data, the SWCK must be brought high at least 600 cycles ahead of the SRCK. 
old data access 

To access the previously preserved data, the SWCK must be brought high less than 120 cycles ahead 
of the SRCK. 


absolute maximum ratings over operating free air temperature range (unless otherwise noted)t 


Voltage range on any pin except QO0-Q3 (see Note 1)...................05. —-1.0 V to 7.0 V 
Voltage range on QO-Q3 (see Note 1) .............. 2. ee eee eee ee -1.0 Vto Vcc + 0.3 V 
Vortade (ange On VCO (See Note: Ths ee i oe ESS RS 0.0 V to 7.0 V 
SSP UPE Carer Sousa LIS CUTTING 5 ES ie ene ew a ee ae ne ee ee Oe ee oe 50 mA 
ARE Ae ris a es ea eae oa Re ee eee a Oe ee ee Eee 1.0 W 
Operating free-air temperature range ............ 0... ccc ee eee ee eee 0°C to 70°C 
eee Perper atte TOUGG sak. a ic tices wk Cr ee hae ee ee oe -—65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 

- only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. : 

NOTE 1: Under absolute maximum ratings, all voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vcc Supply voltage 
Vss Supply voltage 


ViH_ High-level input voltage 
Vi_ Low-level input voltage (see Note 2) 
Ta Operating free-air temperature 


NOTE 2: Vy = -—1.5 V undershoot is allowed when device is operated in the range of recommended supply voltage. 
electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONS ae a MES eg eee Oe UNIT 


ou pewagnekee | nis bok nc ee a = em 
VoL Low-level output voltage | Io, = 4.2 mA ess 2 


Vi = OVto6.5V,Vcc = SV, 
Input t (leak: +10 +10 
npr curren teekeae! _| alother pins = 0V to Vcc pst] a 
en ak 


I 
lo Output current (leakage). | Vo = 0 Vto Vcc. Vcc = 5.5 V, R low 


_V 
pA 
pA 

IpDp1 Average operating current}; Minimum write/read cycle, output open mA 

After 1 RSTW/RSTR cycle, W and R low, 5 
| Standby current MBF 
n urr 
003 After 1 RSTW/RSTR cycle, W and R low, 


Vit = OV 
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TMS4C1050 
1,048,576-BIT FIRST-IN FIRST-OUT 
PSEUDO-STATIC MEMORY 


eee oo recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS TYP M 
Cj Input capacitance Vi = OV, f = 1 MHz 
Cy Output capacitance Vv; = OV, f = 1 MHz Shamge kl se 


+Capacitance measurements are made on sample basis only. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


PARAMETER TEST CONDITIONS 


ta(RC) Access time from SRCK high 
tv(RCH) Output disable time after SRCK high 
ty(RL) Output disable time after R low 


timing requirements over recommended supply voltage range and operating free-air temperature range 
(see Notes 1, 3, and 4) 


NOILVINYOANI SONVAGV - SINVY JWeUAG 


|toww) ___ Write cycle time (see Notes 5and6) | «30108 | 40108 | 60108 | ns_— 
60 108 | ns | 
| twiWCH) Pulse duration, SWCK high (see Note 6) | 12 | TT 20 Ts 
| twiWCL) _Pulse duration, SWCK low (see Note 6) | 12| 7 | 20 Ts 
| tsu(D) __Data setup time before SWCK high | CT CB Cs 
thiD) Data hold time after SWCK high Sl SR OR) es Se 
| tsu(WL) __W low setup time before SWCK high | CEC ts 
tsu(WH) __W high setup time before SWCK high PES SASS SA SENN ORE RR en a 
| twew) Pulse duration, W low (see Notes 5 and 6) 10 1086| 15 108| 20 108 
Se eee 
AB ta 
pe AT a 


tw(RCH) Pulse duration, SRCK high (see Note 6) ee eee & Se 
twi(RCL Pulse duration, SRCK low (see Note 6) ne See es | ie aS 
tsu(RL) __R low setup time before SRCK high Bee Se ipa ace iat 


2k eee: 
Pteuiftiy high setup time before SRCK high —=—=S~=~“‘~srC‘i CSC‘! OCC 
tw(RL) Pulse duration, R low (see Notes 5 and 6) | 10 108{ 15 108| 20 108 
Pin aade 
th(RR) RSTR hold time after SRCK high (see Note 7) Pee VOR ee 
tt Transition time meee Ss 


NOTES: 1. Under absolute maximum ratings, all voltage values are with respect to Vss. 
3. Timing measurements are referenced to Vip min = 2.4 V and Vi, max = 0.8 V. ty is measured between Vip min and Vi,_ max 
4. All cycle times assume ty = 3 ns. 
5. No restriction for maximum value as long as the write and read address pointers are addressing the first addresses. 
6. When the write and read address pointers are not addressing the first addresses, tc(y), tc(R), tw(WCH)- tw(WCL)- tw(W) 
tw(RCH), twiRCL), 2nd tw(RL) Must be less than 1 ms. After improper operation [tsy(Ryw) Over 1 ms], RSTW or RSTI 
cycle is required to initialize the write or read address pointer. 
7. Reset operation is not guaranteed in case tsy(RW), th(RW)- tsu(RR)- 29d th(RR) do not meet the specification. 
4p 
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write cycle timing (reset write) 


a—n th CYCLE——4 <a ——| 
Bees ie (n + 1)th CYCLE—ey boas ae 
| 
SWCK bss ! | | 
Aes {| {| fi 
VIE = | | i | 7 | 
tw(WCH) +1 _ | | | teuiRw) + Neste ars = F—teiCLK) 


| —* twiWCL) Be 


| 
= @—tsu(D) | k= thiD) 


ee 


XK 
QKRLY 


write cycle timing (write enable) 


f——"n th CE ee ee CYCLE —e—(n + 1)th CYCLE—* 


VIH | | | 
SWCK + ; - | 
ViL 


| 
= —tsu(WL) 4 —tsu(WH) 
| 


ViH 
ee Ne 
Vv 
iL 
ret an 


OE ee s VJ » &: xX XxX) (X™ x xX \/ 
REAR OK tT DRX + 2 RK 


ARO XX 


KKK KKK XK 


>) 


RXR 
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read cycle timing (reset read) 


a——n th CYCLE ———_}<a——-(n + 1)th CYCLE —e}a—— 1st CYCLE ———_> 
| tc(R) a { | 


I 
! 
ViH | 
VIL , | ; ' | 
tw(RCH) "4 | | Es BEER 


| 

| 
| twircy) | tsu(RR)-| 
RSTR : | 

| 


Le ta(RC) - ae em ty(RCH) 


read cycle timing (read enable) 


jeg th CYCLE >= DISABLE CYCLE——>— (n + 1)th CYCLE > 


tsu(RL) 9 —— 2% F®— tsu(RH) 


ViH 

R | 
ViL Mee iF 
res tw(R) ae ae 


tv(RL) I rt — 
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new data access mode 


(isTWw ; 
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| TM4256EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULE 


SEPTEMBER 1985—REVISED MAY 1988 


@ 262,144 x 4 Organization TM4256EC4 . . . C SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 
@ Single 5-V Supply (10% Tolerance) 
@ 22-Pin Single-In-line Package (SIP) _ 
DD 
@ Utilizes Four 256K Dynamic RAMs in Plastic D1 
Chip Carrier QO1 
@ Long Refresh Period . . . 4 ms (256 Cycles) wr: 
All Inputs, Outputs, Clocks Fully TTL A5 
Compatible A4 
@ 3-State Outputs Ke 
@ Performance of Unmounted RAMs: WwW 
ACCESS ACCESS __ READ Al 
TIME TIME OR A3 
< ROW COLUMN WRITE A6 
ADDRESS ADDRESS CYCLE 03 
(MAX) (MAX) (MIN) D3 
TMS4256-10 100 ns 60ns. | 200ns A2 
TMS4256-12 120 ns 60 ns 230 ns _AO 
TMS4256-15 150 ns 75ns.  260ns ee 
@ Common CAS Control with Separate Data Q4 
input and Output Lines Vss 


@ Low Power Dissipation 


® Operating Free-Air Temperature . . . 0°C to 
70°C 


description 


The TM4256EC4 series is a 1024K, dynamic 
random-access memory module, organized as 
262,144 x 4 bits in a 22-pin single-in-line 
package comprising four TMS4256FML, 
262,144 x 1 bit dynamic RAMs in 18-lead 5-V Supply 
plastic chip-carriers mounted on top of a ad aca 
substrate together with decoupling capacitors Write Enable 
mounted beneath the chip carriers. The onboard 
capacitors eliminate the need for bypassing on 
the motherboard and offer superior 
performance over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board 
spacing, the TM4256EC4 has a density of ten devices per square inch (approximately 4 x the density 

' of DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated through-holes, a cost savings can be realized. 


Address Inputs 
Column-Address Strobe 
Data Inputs 


Data Outputs 
Row-Address Strobe 


Each TMS4256FML is described in its data sheet and is fully electrically tested and processed according 
to Tl MIL-STD-883B flows (as amended for commercial applications) prior to assembly. After assembly 
onto the SIP, a further set of electrical tests is performed. 


The TM4256EC4 features RAS access times of 100 ns, 120 ns, and 150 ns maximum. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to we 


specifications per the terms of Texas Instruments 


: EXAS 
standard warranty. Production processing does not IN STRUMENTS 


necessarily include testing of all parameters. 
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TM4256EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULE 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4256EC4 is rated for operation from O°C to 70°C. 


operation 


The TM4256EC4 operates as four TMS4256FMLs connected as shown in the functional block diagram. 
Refer to the TMS4256 data sheet for details of operation. 


specifications 
For TMS4256FML electrical specifications, refer to the TMS4256 data sheet. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 
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TM4256EC4 


262,144 BY 4-BIT DYNAMIC RAM MODULE 


functional block diagram 


1 
in (18) 
es (12) 
as (17) 
pe: (13) 
re (8) 
Ag (7) 
e (14) 3 
fe (6) 
re (1) 
ea) g | RAM 256Kx1]: 
ae (5) 
sc (11) 
Ww 
3 
D1 i?) 
9 
D2 (3) 
16 
D3 im 
RAM 256Kx1 
AO-A8 
en 
a 
a (20) 
(2) 
VpD 
c Cc 
(22) 
Vss 


xas 
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Q1 
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TM4256EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range on any pin, including Vpp supply (see Note 1) .................... -1Vto7V 
Short circuit output current for any output .................. Bs st ea Ee ee Lee 50 mA 
eR Oo sate kee 2 535 Ce Ee ee ae cr 3. Ae ner ale Ope ain AaN, yearend Se ea 4W 
Operating Tree-air temperature TANG ©... oie ees le ts 0 eo eee a bs ele O90: t6'70°C 
SLOFSOS. TEITINGIGtUTe FANGG Ss i ohn ac be ew eae G28 Gils Awe gee Be —-65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp Supply voltage 
Vss _ Supply voltage 


Vi High-level input voltage 
Vi_ Low-level input voltage (see Note 2) in. eee Gea ae 
Ta Operating free-air temperature °¢ 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


Vv Low-level output voltage lo. = 4-2 mA 


OL 
Vi = OV to 6.5 V, Vpp = SV, 
Vpp = 5 V, CAS high 
during read or write cycle All outputs open 
After 1 memory cycle, 
Ipp2* Standby current RAS and CAS high, 
All outputs open 
te = minimum cycle, 
Ipp3* Average refresh current CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 


Ipp4* Average page-mode current RAS low and CAS cycling, 


All outputs open 


tIpp1-lpp4 are measured with Q1-04 in the same mode (i.e., operating, standby, refresh, page mode). 
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262,144 BY 4-BIT DYNAMIC RAM MODULE 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST TM4256EC4-15 
PARAMETER 
| paramere CONDITIONS [MIN MAX | 


OH High-level output voltage | ——SjOM= -5MA_SCSC~CS AV 
VoL __ Low-level output voltage lol = 4.2 mA 
Si 


V 
Vi = OV to 6.5 V, Vpp = 5 V, 
I Input current (leakage +10 
| ee All other pins = 0 V 
Vo = 0.4 V to 5.5 V, 
| Output current (leakage +10 
: : pei Vop = § V, CAS high fa 
' Average operating current : te = minimum cycle, 
D during read or write cycle All outputs open 


After 1 memory cycle, 
RAS and CAS high, 

All outputs open 
te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 


Ipp2! Standby current 


Ipp3' Average refresh current 


te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 


Ipp4' Average page-mode current 


Tipp1-Ipp4 are measured with Q1-Q4 in the same mode (i.e., operating, standby refresh, page mode). 


capacitance over recommended supply voltage range and operating free-air temperature range, 


f = 1 MHz 


PARAMETER 
Ci(A) Input capacitance, address inputs 
Ciip Input capacitance, data inputs 


Ci(RAS) '!nput capacitance, RAS input 


Ci(w) Input capacitance, W input 


Ci(cAs) 'nput capacitance, CAS input 


Co(Q) Output capacitance, data outputs 
Co(vVDD) Decoupling capacitance 
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TM4256FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULE 


OCTOBER: 1985—REVISED FEBRUARY 1988 


® 1,048,576 x 1 Organization TM4256FC1. . . C SINGLE-IN-LINE PACKAGE 
@ Single 5-V Supply (10% Tolerance) di decnl 

@ 22-Pin Single-in-line Package (SIP) Vss_ (1) 
@ Utilizes Four 256K Dynamic RAMs in Plastic DE 
’ Chip Carrier : hess cie 
Q (4) 
@ Long Refresh Period . . . 4 ms (256 Cycles) A3 (5) 
All Inputs, Outputs, Clocks Fully TTL - ne 
Compatible WB) 
@ 3-State Outputs RAS2_ (9) 
AO (10) 
@® Performance of Unmounted RAMs AZ (11) 
ACCESS ACCESS READ , A8 (12) 
TIME TIME OR CAS (13) 
ROW COLUMN _—WRITE RAS3 (14) 
ADDRESS ADDRESS ’- CYCLE A2 (15) 
(MAX) (MAX) (MIN) A1 (16) 
TMS4256-10 100 ns 50 ns 200 ns NG ATT) 
T™MS4256-12 120 ns 60 ns 230 ns A4 (18) 
T™MS4256-15 150 ns 75 ns 260 ns RAS4 (19) 
A5 (20) 


® Common CAS Control with Separate Data 


Input and Output Lines Vpp (21) 


Vss (22) 


@ Low Power Dissipation 


Operating Free-Air Temperature . . . O°C to 
70°C 
Address Inputs 
description CAS Column-Address Strobe 


The TM4256FC1 series are 1024K, dynamic pee ee 

: No Connection 
random-access memory modules organized as 
1,048,576 x 1 bit in a 22-pin single-in-line 
package comprising four TMS4256FML, 
262,144 x 1 bit dynamic RAMs in 18-lead 
plastic chip carriers mounted on top of a 
substrate together with decoupling capacitors 
mounted beneath the chip carriers. The onboard 
capacitors eliminate the need for bypassing on the motherboard and offer superior performance over 
equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing, the 
TM4256FC1 has a density of ten devices per square inch (approximately 4 x the density of DIPs). With 


Data Output 
RAS1-RAS4 Row-Address Strobes 


Vpp 5-V Supply 
Vss Ground 
Ww Write Enable 


. Dynamic RAM Modules 


the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated through- 


holes, a cost savings can be realized. 


Each TMS4256FML is described in its data sheet and is fully electrically tested and processed according 
to TI MIL-STD-883B flows (as amended for commercial applications) prior to assembly. After assembly 
onto the SIP, a further set of electrical tests is performed. 


The TM4256FC1 features RAS access times of 100 ns, 120 ns, and 150 ns maximum. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


sof Texas. TEXAS 
standard warranty. Production processing does not. IN STRUM ENTS 


necessarily include testing of all parameters. 
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TM4256FC1 : 
1,048,576 BY 1-BIT DYNAMIC RAM MODUL 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data-in 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4256FC11 is rated for operation from O°C to 70°C. 


operation 


The TM4256FC1 operates as four TMS4256FMLs connected as shown in the functional block diagram. 
Refer to the TMS4256 data sheet for details of operation. 


specifications 
For TMS4256FML electrical specifications, refer to the TMS4256 data sheet. 


single-in-line package and components 


PC substrate: 1,27 mm (0.05 inch) nominal thickness epoxy-glass 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 


° S9iNPOW WVY 2weudq 
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functional block diagram 


RAS2 


RAS3 


RAS4 


VDD 
VDD 


Vss 
Vss 


1,048,576 BY 1-BIT DYNAMIC RAM MODULE 


(10) 
(16) 
(15) 

(5) 
(18) 
(20) 

(6) 
(11) 
(12) 

9 256Kx1 
rai 7 A0-As 
(13) gree 
(8) ie Eee 
EST Ss ak Ses 

256Kx1 
oa pa] AOA 
ee 
ae 
pert 
(14) Ube 
oa 
Fee 
Leste 
(19) HL. 
Beers 
(2) 
(21) 
(1) C.c4& 
(22) 


TM4256FC1 


- Dynamic RAM Modules 
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TM4256FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range on any pin, including Vpp supply (see Note 1) ...................4. -1Vto7V 
Sort CiFCINt OUT Curent Tor ARY GUIDEE se 8 oe ERS i es ee ee ee aes 50 mA 
PEO CB ai ol ne ean it ee Es Sees SRE RCO eae Pack Se eae ple is 4W 
Operating tree-air temperature:range ... . ote bs Here ee lw a a ee O°C to 70°C 
SiSraae CHTIDOPOCE. TONE os on Oe 6 ae ee or ea ed = Oe es —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp_ Supply voltage 
Vss_ Supply voltage 


ViH_ High-level input voltage 
Vit Low-level input voltage (see Note 2) 
Ta Operating free-air temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST TM4256FC1-10 | TM4256FC1-12 | TM4256FC1-15 
usa ih re ee 
Vou Highievel output verge [Ton = -5mA | 24 Von | 24 Von | 24 Voo 


VoL Low-level output voltage oh 4.2 mA 


= OVto0 6.5 V, 
Input current (leakage) me = 5V, 
All other pins = 0 V 


rs Be ae 
=5V, TAS high 
eo Sees [eter [we 
during read or write cycle eae pace 
After 1 memory cycle, 
Ipp2 Standby current RAS and CAS high, Ame 


Output open 
te = minimum cycle, 
CAS high and RAS cycling, 
Output open 

te(P) = minimum cycle, 
Ipp4 Average page-mode current | RAS low and CAS cycling, 
Output open* 


Ipp3 Average refresh current 


+ Assuming standard operation of one device access. 
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TM4256FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULE 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1 MHz 


PARAMETER 


Ci(RAS) !nput capacitance, RAS input 


Ci(w) Input capacitance, W input 


Co(vDD) Decoupling capacitance 
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TM4256FL8, TM4256GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 


OCTOBER 1985—REVISED FEBRUARY 1988 


° Dynamic RAM Modules 


@® 262,144 x 8 Organization TM4256FL8 . . . L SINGLE-IN-LINE PACKAGE 
. (TOP VIEW) 
@ Single 5-V Supply (10% Tolerance) 
@ 30-Pin Single-in-line Package (SIP) — 2 
— Pinned Module for Through-Hole Do1 (3) 
Insertion (TM4256FL8) AO (4) 
—Leadless Module for Use with A1 (5) 
Sockets (TM4256GU8) Da2 (6) 
@ Utilizes Eight 256K Dynamic RAMs in A2 (7) 
Plastic Chip Carrier A3 (8) 
Long Refresh Period . . . 4 ms (256 Cycles) Bee 
ots DQ3 (10) 
All Inputs, Outputs, Clocks Fully TTL A4 (11) 
Compatible A5 (12) 
DQ4 (13) 
@ 3-State Outputs AG (14) 
@ Performance of Unmounted RAMs : A7 (15) 
DQ5 (16) 
ACCESS ACCESS READ A8 (17) 
TIME TIME OR NC (18) 
ROW COLUMN WRITE NC (19) 
ADDRESS ADDRESS ' CYCLE DQG (20) 
(MAX) (MAX) (MIN) W (21) 
pee akie) ial ecics Vss (22) 
DQ7 (23) 
TMS4256-15 150 ns 75 ns 260 ns NC (24) 
®@ Common CAS Control for Eight Common DAB (25) 
Data-In and Data-Out Lines _NC (26) 
Low Power Dissipation pis ee 
Operating Free-Air Temperature . . . 0°C to NC (29) 
70°C Vpp (30) —<"7 


description 
The TM4256__8 series are 2048K, dynamic 


random-access memory modules organized as AO-A8 Address Inputs 
262,144 x 8 bits in a 30-pin single-in-line CAS Column-Address Strobe 
package comprising eight TMS4256FML, DQ1-DQ8 Data In/Data Out 
262,144 x 1 bit dynamic RAMs in 18-lead NC No Connection 
plastic chip carriers mounted on top of a Row-Address Strobe 
substrate together with decoupling capacitors 5-V Supply 

mounted beneath the chip carriers. The onboard Ground 

capacitors eliminate the need for bypassing on Write Enable 


the motherboard and offer superior performance 

over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing, the 
TM4256__8 has a density of ten devices per square inch (approximately 4 x the density of DIPs). With 
the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated through- 
holes, a cost savings can be realized. 


Each TMS4256FML is described in its data sheet and is fully electrically tested and processed according 
to Tl MIL-STD-883B flows (as amended for commercial applications) prior to assembly. After assembly 
onto the SIP, a further set of electrical tests is performed. | 


PRODUCTION DATA documents contain information e Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 

specifications per the terms of Texas Instruments EXAS 

standard warranty. Production processing does not IN STRUMENTS 


necessarily include testing of all parameters. POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 
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TM4256FL8, TM4256GU8 


262,144 BY 8-BIT DYNAMIC RAM MODULES 
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The TM4256__8 features RAS access times of 
100 ns, 120 ns, and 150 ns maximum. 


Refresh period is extended to 4 milliseconds, and 
during this period each.of the 256 rows must be 
strobed with RAS in order to retain data. CAS 
can remain high during the refresh sequence to 
conserve power. 


All inputs and outputs, including clocks, are 
compatible with Series 74 TTL. All addresses 
and data-in lines are latched on-chip to simplify 
system design. Data out is unlatched to allow 
greater system flexibility. 


The TM4256__8 is rated for operation from 0°C 
to 70°C. 


presence detect 


This feature is included on the TM4256GU8 to 
allow for hardware presence detection of the 
memory module. The PRD pin for each module 
in the system should be pulled high through a 
pull-up resistor, resulting in a logic one when no 
module is present. When a module is present, 
PRD is a logic zero as this pin is connected to 
Vss on the module. PRD can be used only to 
detect a module’s presence, not its functionality. 
In a system not requiring presence detect, it is 
recommended that this pin be left as a no 
connect; this allows the use of either type of 
module without adverse effects. 


operation 


The TM4256FL8 and TM4256GU8 operate as 
eight TMS4256FMLs connected as shown in the 
functional block diagram. Refer to the TMS4256 
data sheet for details of operation. 


specifications 


For TMS4256FML electrical specifications, refer 
to the TMS4256 data sheet. 


single-in-line package and components 


PC substrate: 1,27 mm (0.05 inch) nominal 
thickness epoxy-glass 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over 
phosphor-bronze 

Contact area for socketable devices: Nickel plate 
and solder plate on top of copper 


TEXAS 
INSTRUMENTS 


TM4256GU8 . . . U SINGLE-IN-LINE PACKAGE 


AO-A8 
CAS 
DQ1-DQ8 
NC 
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(TOP VIEW) 


Address Inputs 
Column-Address Strobe 
Data In/Data Out 
No Connection 
Presence Detect (Vss) 
Row-Address Strobe 
5-V Supply 
Ground 

_ Write Enable 


TM4256FL8, TM4256GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 


functional block diagram 


. Dynamic RAM Modules 


TNot available on the TM4256FL8. 
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TM4256FL8, TM4256GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Voltage range on any pin including Vpp supply (see Note 1) ....................- -1 Vto7V 
DHOrt GROG OUIDUT GUTerTO ee OUNCE Cc he ER er elie boo gt ee 50 mA 
SIVOIE EHEMNIROIONY <5 ats Se sc Slag on es f Wee 0 dee ec ae oes ote ee os 8 W 
Operating tree-air thimperstiire fanoe. ow sn oe eee) DD ee Ph ee O°C to 70°C 
Pe EI CET OTT OIC riots ae ck es nay ee. 600s, 4b ce F wa aes a BO a ee -—65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp Supply voitage 
Vss_ Supply voltage 


- S3INPOW INWH Dweudg 


ViH_ High-level input voltage 
Vit Low-level input voltage (see Note 2) 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER wee 
CONDITIONS 


VoH__ High-level output voltage 2.4 Vpp 2.4 Vpp 
VoL _ Low-level output voltage lo. = 4.2 mA eee a 


Vv; = OV to 6.5 V, Vpp = SV, 
| Input current (leakage +10 +1 
° ; ge) All other pins = 0 V 

Vo = 0.4 V to 5.5 V, 
| Output current (leakage +10 +1 
Be ee eee Vpp = § V, TAS high oem | 
' t Average operating current te = minimum cycle 
bD1 during read or write cycle All outputs open 

After 1 memory cycle, 


Ipp2? Standby current RAS and CAS high, 
All outputs open 


.¢) 


te(P) = minimum cycle, 
Ipp4* Average page-mode current RAS low and CAS cycling, 
All outputs open 


te = minimum cycle, 
Ipp3*_ Average refresh current CAS high and RAS cycling, 
All outputs open 


tipp1-Ipp4 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh, page mode). 


43 
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TM4256FL8, TM4256GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST TM4256__8-15 
PA NIT 
Kswee: CONDITIONS 


‘i nonin | ee eek 
Vo_ Low-level output voltage lol = 4.2 mA a ae ee 


All other pins = 0 V 
Vo = 0.4 V to 5.5 V, 
aces Average operating current tc = minimum cycle 
during read or write cycle All outputs open 


pA 
pA 

After 1 memory cycle, 
mA 


Ipp2' Standby current RAS and CAS high, 


All outputs open 


te = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 
te(P) = minimum cycle, 

Ipp4' Average page-mode current RAS low and CAS cycling, 
All outputs open 


Ipp3' Average refresh current 


le Dynamic RAM Modules 


Tipp1-Ipp4 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh, page mode). 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1 MHz 


PARAMETER 
CiiA Input capacitance, address inputs 
Ci(pDQ) Input capacitance, data inputs 


Ci(RAS) Input capacitance, RAS input 
Ciww Input capacitance, W input | 


CCAS) Input capacitance, CAS input 
Co(vDp) Decoupling capacitance 


ai 
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TM4256EL9, TM4256GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 


SEPTEMBER 1985—REVISED MARCH 1988 


@® 262,144 x 9 Organization TM4256EL9 . . . L SINGLE-IN-LINE PACKAGE 
(TOP VIEW) ® 
Single 5-V Supply (10% Tolerance) = 
V 
30-Pin Single-In-line Package (SIP) aa 3 
—Pinned Module for Through-Hole DQO1 = 
Insertion (TM4256EL9) AO 
—Leadless Module for Use with pe = 
Sockets (TM4256GU9) eis < 
@ Utilizes Nine 256K Dynamic RAMs in Plastic A2 ro) 
Chip Carriers A3 z 
V 
@ Long Refresh Period . . . 4 ms (256 Cycles) Mie S 
All inputs, Outputs, Clocks Fully TTL A4 a 
Compatible A5 
DQ4 
@® 3-State Outputs AG 
@ Performance of Unmounted RAMs: A7 
ACCESS ACCESS READ ne 
TIME TIME OR NC 
ROW COLUMN WRITE NC 
ADDRESS ADDRESS CYCLE Dos 
(MAX) (MAX) (MIN) W 
TMS4256-10 100 ns 50 ns 200 ns Vv 
TMS4256-12 120 ns 60 ns 230 ns ae 
™MS4256-15 150 ns 75 ns 260 ns NC 
@ Common CAS Control for Eight Common Das 
Data-In and Data-Out Lines ag 
| — RAS 
@® Separate CAS Control for One Separate Pair aT 
. CAS9 
of Data-in and Data-Out Lines D9 
Low Power Dissipation Vpp 


Operating Free-Air Temperature . . . 0°C to 


70°C 

description 
The TM4256_ _9 series are 2304K, dynamic AO-A8 Address Inputs 
random-access memory modules organized as CAS, CAS9 Column-Address Strobe 
262,144 x 9 bits [bit nine (D9, Q9) is generally DQ1-DQ8 Data In/Data Out 
used for parity and is controlled by CAS9Q] in a Data In 
30-pin single-in-line package comprising nine No Connection 
TMS4256FML, 262,144 x 1 bit dynamic RAMs Data Out 
in 18-lead plastic chip carriers mounted on top RAS Row-Address Strobe 
of a substrate together with decoupling 5-V Supply 
capacitors mounted beneath the chip carriers. Ground 
The onboard capacitors eliminate the need for | Write Enable 


bypassing on the motherboard and offer superior 

performance over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board 
spacing the TM4256_ _9 has a density of ten devices per square inch (approximately 4 x the density 
of DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 


PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments TE 5-21 
standard warranty. Production processing does not IN STRUMENTS 


necessarily include testing of all parameters. 
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plated through-holes, a cost savings can be 
realized. 


Each TMS4256FML is described in its data sheet 
and is fully electrically tested and processed 
according to TI MIL-STD-883B flows (as 
amended for commercial applications) prior to 
assembly. After assembly onto the SIP, a further 
set of electrical tests is performed. 


The TM4256_ _9 features RAS access times of 
100 ns, 120 ns, and 150 ns maximum. 


Refresh period is extended to 4 milliseconds, and 
during this period each of the 256 rows must be 
strobed with RAS in order to retain data. CAS 
can remain high during the refresh sequence to 
conserve power. 


All inputs and outputs, including clocks, are 
compatible with Series 74 TTL. All addresses 
and data-in lines are latched on-chip to simplify 
system design. Data out is unlatched to allow 
greater system flexibility. 


The TM4256_ _9 is rated for operation from 0 °C 
to 70°C. 


presence detect 


This feature is included on the TM4256GU9 to 
allow for hardware presence detection of the 
memory module. The PRD pin for each module 
in the system should be pulled high through a 
pull-up resistor, resulting in a logic one when no 
module is present. When a module is present, 
PRD is a logic zero as this pin is connected to 
Vss on the module. PRD can be used only to 
detect a module’s presence, not its functionality. 
In a system not requiring presence detect, it is 
recommended that this pin be left as a no 
connect; this allows the use of either type of 
module without adverse effects. 


operation 


The TM4256EL9 and TM4256GU9 operate as 
nine TMS4256FMLs connected as shown in the 
functional block diagram. Refer to the TMS4256 


data sheet for details of operation. 


specifications 


5-22 


For TMS4256FML electrical specifications, refer 
to the TMS4256 data sheet. 
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U SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


Address Inputs 
Column-Address Strobes 
Data In/Data Out 

Data In 

No Connection 
Presence Detect (Vss) 
Data Out 
Row-Address Strobe 
5-V Supply 

Ground 

Write Enable 


TM4256EL9, TM4256GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 


single-in-line package and components 


PC substrate: 1,27 mm (0.05 inch) nominal thickness epoxy-glass 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze. 

Contact area for socketable devices: Nickel plate barrier and solder finish on top of copper foil 


functional block diagram 


. Dynamic RAM Modules 


& Vpp Vss 


i= 


Dpa4 (13) 


TNot available on the TM4256EL9. 


ais 
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TM4256EL9, TM4256GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range on any pin including Vpp supply (see Note 1) ..................5-- -1Vto7V 
Short: circuit output current: for any output |S os REP ti ee ee Se 50 mA 
Power cissinationicy 5 hs ew oS eer oo PE ai pk Pal Soe Oe ae Se ee ee ils ee 9 W 
Operating free-air temperature range .......... 0... cee ee ee ee ee eee 0°C to 70°C 
SURI TOTTI ULI CONG 8 oe ng as Se nn oo SO le ee ee ee ee —65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp : Supply voltage 
Vss_ Supply voltage 


ViH_ High-level input voltage 
Vit Low-level input voltage (see Note 2) 
Ta Operating free-air temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER cl 
CONDITIONS 


VoH_ High-level output voltage 
VoL __ Low-level output voltage 


All other pins = 0 V 

Vpp =.5 V, CAS high ‘ 
during read or write cycle All outputs open 

After 1 memory cycle, 


Ipp2? Standby current RAS and CAS high, 
All outputs open 


All outputs open 


tc(P) = minimum cycle, 
Ipp4a* Average page-mode current RAS low and CAS cycling, 
All outputs open 


te = minimum cycle, 
Ipp3* Average refresh current CAS high and RAS cycling, 


tIpp1-Ipp4 are measured with M1-M@Q in the same mode (i.e., operating, standby, refresh, page mode). 


5-24 TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TM4256EL9, TM4256GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST TM4256_ _9-15 
PARAMETER CONDITIONS UNIT 
Vv 


SL ee ee eS Laem Soa 
V Low-level output voltage lo. = 4.2 mA aa FSS 


OL 
All other pins = 0 V 
Vpp = 5 V, CAS high 
during read or write cycle All outputs open 
After 1 memory cycle, 


RAS and CAS high, 


All outputs oper) 


Ipp2! Standby current 


te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 


Ipp3' Average refresh current 


* Dynamic RAM Modules 


te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 


Ipp4' Average page-mode current 


Tipp1-Ipp4 are measured with M1-Mg9 in the same mode (i.e., operating, standby, refresh, page mode). 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1 MHz 


PARAMETER 


Cia) Input capacitance, address inputs 
‘Cj(ipDQ) Input capacitance, data inputs 


Ci(RAS) Input capacitance, RAS input 


Ciw) Input capacitance, W input 


ieieren 2 OSS 
pe pe ad 
Mameee ki 
So ie we 
Ci(CASg) Input capacitance, CAS9 input Porn Bee ee 
antenatal 
et ee 
po A eee 


Ci(CAS) Input capacitance, CAS input 


Ci(p9) ‘Input capacitance, D9 input 


Cy(Qg) Output capacitance, Q9 input 


Co(VDD) Decoupling capacitance 


4 
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TMO24HAC4 
1,048,576 BY 4-BIT DYNAMIC RAM MODULE 


MAY 1987—REVISED MAY 1988 


1,048,576 x 4 Organization _ AC SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


@ 

@ Single 5-V Supply (10% Tolerance) 
@ 24-Pin Single-Iin-line Package (SIP) 
® 


Utilizes Four 1 Megabit Dynamic RAMs in AQ (1) 

Plastic Small-Outline J-Lead (SOJ) Packages A8 (2) 

V (3) 

© Long Refresh Period . . . 8 ms (512 Cycles) ea reas 

@ All Inputs, Outputs, Clocks Fully TTL Qi (5) 

Compatible CAS (6) 

A7 (7) 

@ 3-State Outputs A5 (8) 

@ Performance of Unmounted RAMs: A4 (9) 

D2 (10) 

ACCESS ACCESS READ Q2 (11) 

TIME TIME OR : W (12) 

ROW COLUMN WRITE A1 (13) 

ADDRESS ADDRESS CYCLE A3 (14) 

(MAX) (MAX) (MIN) A6 (15) 

TMS4C1024-10 100 ns 45 ns 190 ns Q3 (16) 

TMS4C1024-12 120 ns 55 ns 220 ns D3 (17) 

TMS4C1024-15 150 ns 70 ns 260 ns A2 (18) 

® Common CAS Control with Separate AO (19) 

Data-In and Data-Out Lines RAS (20) 

D4 (21) 

Low Power Dissipation Q4 (22) 

Operating Free-Air Temperature . . . O°C to Vss (23) 

70°C NC (24) 
description 


The TMO24HAC4 is a 4,096K dynamic random- 
access memory module, organized as 
1,048,576 x 4 bits in a 24-pin single-in-line 
package (SIP). The SIP is composed of four 
TMS4C1024DJ, 1,048,576 x 1 bit dynamic 
RAMs, each in a 26/20-lead plastic small outline 
J-lead package (SOJ), mounted on top of a 
substrate together with decoupling capacitors 
mounted beneath the SOJs. The onboard 
capacitors eliminate the need for bypassing on 
the motherboard and offer superior performance 


f° Dynamic RAM Modules 


Address Inputs 
Column-Address Strobe 
Data Inputs 


No Connection 

Data Outputs 
Row-Address Strobe 
5-V Supply 


Ground . 
Write Enable 


over equivalent leaded capacitors due to reduced lead inductance. With the elimination of bypass capacitors 
on the motherboard, reduced PC board size, and fewer plated through-holes, a cost savings can be realized. 
Each TMS4C1024Dz\ is described in its data sheet and is fully electrically tested and processed according 
to TI MIL-STD-883B flows (as amended for commercial applications) prior to assembly. After assembly 


onto the SIP, a further set of electrical tests is performed. 


The TMO24HAC4 features RAS access times of 100 ns, 120 ns, and 150 ns maximum. 


The refresh period is extended to 8 milliseconds, and during this period each of the 512 rows must be 
strobed with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve 


power. 
PRODUCTION DATA documents contain information ° Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to ai 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
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TMO24HAC4 
1,048,576 BY 4-BIT DYNAMIC RAM MODULE 


description (continued) 
All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 
The TMO24HAC4 is rated for operation from O°C to 70°C. 


operation 


The TMO24HAC4 operates as four TMS4C1024s connected as shown in the functional block diagram 
on the following page. Refer to the TMS4C 1024 data sheet for details of its operation. 


specifications 
For TMS4C1024DJ electrical specifications, refer to the TMS4C1024 data sheet. 


S9|NPOWW WW dweudg 


single-in-line package and components 


PC substrate: 1,27 mm (0.05 in) nominal thickness; 0.005 in/in maximum warpage 
Bypass capacitors: Multilayer ceramic 


Leads: Tin/lead solder coated over phosphor-bronze 


i 
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functional block diagram 


TMO24HAC4 
1,048,576 BY 4-BIT DYNAMIC RAM MODULE 


Dynamic RAM Modules 


AO (19) 
(13) 
Al 
(18) 
A2 
(14) 
A3 
(9) 
A4 
(8) 
A5 
(15) 
A6 
AT (7) 
AS (2) 
AQ (1) 
anil (20) 1024K x 1 
RAS ——6) 
CAS 79} 
W 
01 (5) 
p2 aww!10) 
a2 —11) 
D3 (17) 
04 (22) 
ese Cc Cc 
(23 Rae 
Vss 
U 
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TMO24HAC4 
1,048,576 BY 4-BIT DYNAMIC RAM MODULE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltege range. on: any pinsteee NMote-1). ora Se a ee es eee -1Vto7V 
Veltaon page 0 Vor tses ote 1). ss chiens ee st os. oo eG sa ees we iM tO 
Serra Cireentt OLDE CUTPOOe =. os. a we ee ks a ees ee a ee ee a Bee 50 mA 
PTE SNC ie a 5 in sdy oo Xue Pea ee oe ae Re ok Ce ho EE Ee 4W 
Operating free-air temperature range ............ 0. cc ee eee ee ees 0°C to 70°C 
Storage teinereture ENG 5... 63. Se eka os > ee ee a ee =§5°C to 160°C 


TStresses beyond those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vcc Supply voltage 


Vi High-level input voltage 
Vit Low-level input voltage (see Note 2) 


Ta — Operating free-air temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


10| TMO24HACA-12| TMO24HACA-15 


Von High-level output voltage [lon=—S5mA—SS~—“~swC Cd Se 
VoL Low-level output voltage lol = 4.2 mA aes oS Vv 
+10 
+10 


| Input current (leakage) i Saari Bi as 
| P 3 All other pins = OV to Vcc 

Vo = 0 Vto Vcc, Vcc = 5.5 V, 

| Output t (leak a 

fe) utput current (leakage) CAS high 


lcc1 Read or write cycle current Minimum cycle, Vcc = 5.5 V 


| Standby current After 1 memory cycle, 
r 
= - RAS and CAS high, Vin, = 2.4 V 


puciy min aan Minimum cycle, Vcc = 5.5 V, 
verage refr ur 
cc3 ’ RAS cycling, CAS high 
te(P) = minimum, Vcc = 5.5 V, 
| A t 
cc4 Average page curren RAS iow, CAS cycling 


capacitance over recommended supply voltage range and operating free-air temperature range, f= 1 MHz 


PARAMETER | MIN MAX | UNIT 


oe eee: 2S ae 

Soe See 
Toefl 
eS ae ee 
[eff 


Cia Input capacitance, address inputs 
Ci(p) Input capacitance, data inputs 


Ci(w) Input capacitance, write-enable input 


Co Output capacitance 


ee 
Sea 
Ci(RC) Input capacitance, strobe inputs | pF 
sab. as 


NOTE 3: Vcc equal to 5.0 V + 0.5 V and the bias on pins under test is 0.0 V. 
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TMO24EAD9 1,048,576 BY 9-BIT DYNAMIC RAM MODULE 
TMO24GAD8 1,048,576 BY 8-BIT DYNAMIC RAM MODULE 


JULY 1987—REVISED MAY 1988 


TMO24EAD9 ... 1,048,576 x 9 TMO24EAD9. . . AD SINGLE-IN-LINE PACKAGE 
Organization (TOP VIEW) 


@ TMO24GAD8 ... 1,048,576 x 8 O 
Organization 


* Dynamic RAM Modules 


@ Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Linest 


@ Single 5-V Supply (10% Tolerance) Mets Pies be 
CAS (2) 7 
® 30-pin Single-in-line Package (SIP) pai (3) 7 |e 
— Leadless Module for Use with Sockets Ao (4) 
@ TMO24EAD9 ... . Utilizes Nine 1-Megabit | A1 (8) 
Dynamic RAMs in Plastic Small-Outline pa2 = (6) 77 
J-Lead (SOJ) Packages A2 (7) 
A3 (8)[7 
@ TMO24GAD8 .. . Utilizes Eight 1-Megabit Vss ed 
Dynamic RAMs in Plastic Small-Outline paz (10) FJ 
J-Lead (SOJ) Packages Aa ONE 
Long Refresh Period . . . 8 ms (512 Cycles) A5 (12)T 7] = 
° pa4 = (13)f | 
@ All Inputs, Outputs, Clocks Fully TTL AB (14) 7 
Compatible AZ (15)7 
@® 3-State Output DQ5 (16){7 be oa 
As (17) 7 
@ Performance of Unmounted RAMs: Ag (18) 
ACCESS ACCESS’ READ NC (19)[) be scsad 
TIME TIME OR DQ6 (20) 7) 
ROW COLUMN WRITE Ww (21), 
ADDRESS ADDRESS CYCLE | Vss_ (22) ie 
(MAX) (MAX) (MIN) DQ7 (23)TT Ig 
TMS4C1024-10 100 ns 45ns  190ns NC (24)7 
TMS4C1024-12 120 ns 55ns  220ns pas (25)] 
TMS4C1024-15 150 ns 70ns 260 ns. 08>. 20S 
caer RAS (27) 
@ Common CAS Control for Eight Common ASQ (28) 
Data-In and Data-Out Lines p9 (29) 
O 


@ Low Power Dissipation 


@ Operating Free Air Temperature . . . O°C to 
70°C 


- @ TMO24EAD9.. . Downward Compatible PIN NOMENCLATURE 


with Tl TM4256GU9 (256K x 9) Mia acste a 
@ TMO24GAD8.. . Downward Compatible AO-AS ACESS puts 
with TM4256GU8 (256K x 8) SIP more neve," Cokeeman tere 
DQ1-DQ8 Data In/Data Out 
T Available only on the TMO24EAD9 D9 Data In 
NC No Connection 
ag Data Out 
RAS Row-Address Strobe 
Vcc 5-V Supply 
Vss Ground 


Write Enable 


PRODUCTION DATA documents contain information Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 5-31 


standard warranty. Production processing does not IN STRUMENTS 


necessarily include testing of all parameters. 
; POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 
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description 


TMO24EAD9 


The TMO24EADS$ is a 9216K (dynamic) random- 
access memory module organized as 1,048,576 


x 9 bits [bit nine (D9, Q9) is generally used for VEGr AW Ta 
parity and is controlled by CAS9] in a 30-pin CAS) (2) 
single-in-line package (SIP). The SIP is composed DQ1-— (3) | 
of nine TMS4C1024DJ, 1,048,576 x 1-bit AO (4) | 
dynamic RAMs, each in 20/26-lead plastic small- Al (5) 1 J 
outline J-lead packages (SOJs) mounted on top DQ2 (6) {J 
of a substrate together with decoupling A2 (7) J 
capacitors mounted beneath the SOJs. Each AS (8) LL 
TMS4C1024D4J is described in the TMS4C1024 Vss (9) | 
data sheet and is fully electrically tested and DQ3 (10) {| 
processed according to TI MIL-STD-883B (as A4 (11) 1) 
amended for commercial applications) flows AS (12)] J 
prior to assembly. After assembly onto the SIP, DQ4 (13) LL 
a further set of electrical tests is performed. AB (14) {J 
The TMO24EAD9 SIP is available in the AD se ae 
single-sided, leadless module for use with A8 (17) 
sockets. AQ (18) 
The TMO24EADS9 SIP is rated for operation from NC (19) |) 
0°C to 70°C. DQa6 (20) 
Ws (21) T 
TM024GAD8 tee eae 
The TMO24GAD8 is a 8,192K (dynamic) DQ7 = (23) {J 
random-access memory module organized as NC (24){ | 
1,048,576 x 8 in a 30-pin single-in-line package DQ8 (25){ | 
(SIP). The SIP is composed of eight NC (26) {| 
TMS4C1024DJ, 1,048,576 x 1 bit dynamic RAS (27) ] 
RAMs, each in 20/26-lead plastic small-outline NC (28) [7] 
J-lead package (SOJ), mounted on top of a NC (29) 
substrate together with decoupling capacitors Vcc (30) {J 
mounted beneath the SOJs. Each 
TMS4C1024D4 is described in its data sheet and & 


is fully electrically tested and processed 
according to Tl MIL-STD-883B flows (as 
amended for commercial applications) prior to 
assembly. After assembly onto the SIP, a further 
set of electrical tests is performed. 


The TMO24GAD8 SIP is available in the AD 


: ‘ : AO-A9 Address Inputs 
single-sided, leadless module for use with CAS RS CF Shey RS 
SOCKSES. DQ1-Da8s Data In/Data Out 
The TMO24GAD8 SIP is rated for operation from NC No Connection 
O°C to: 70°C: RAS Row-Address Strobe 

Vcc 5-V Supply 
Vss Ground 


TMO24EADS 1,048,576 BY 9-BIT DYNAMIC RAM MODULE 
TMO24GAD8 1,048,576 BY 8-BIT DYNAMIC RAM MODULE 


TMO24GAD8 . . . AD SINGLE-IN-LINE PACKAGE 


W 


w% 


(TOP VIEW) 


O 


PIN NOMENCLATURE 
TMO24GAD8 


Write Enable 
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TMO24EADS 1,048,576 BY 9-BIT DYNAMIC RAM- MODULE 
TMO24GAD8 1,048,576 BY 8-BIT DYNAMIC RAM MODULE 


operation 
TMO24EAD9 


The TMO24EAD9 operates as nine TMS4C1024DJs connected as shown in the functional block diagram. 
Refer to the TMS4C 1024 data sheet for details of its operation. The common |/O feature of the TMO24EAD9 
dictates the use of early write cycles to prevent contention on D and Q. 


TMO24GAD8 


The TMO24GAD8 operates as eight TMS4C1024DUJs connected as shown in the functional block diagram. 
Refer to the TMS4C 1024 data sheet for details of its operation. The common I/O feature of the TMO24GAD8 
dictates the use of early write cycles to prevent contention on D and Q. 


specifications 
For TMS4C1024DJ electrical specifications, refer to the TMS4C1024 data sheet. 


» Dynamic RAM Modules 


single-in-line package and components 


PC substrate: 1,27 + 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 


Bypass capacitors: Multilayer ceramic 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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TMO24EADS 1,048,576 BY 9-BIT DYNAMIC RAM MODULE 


functional block diagram (TMO24EAD9) 


DQ1 
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TMO24GAD8 1,048,576 BY 8-BIT DYNAMIC RAM MODULE 


functional block diagram (TMO24GAD8) 


1024K x 1 


lo Dynamic RAM Modules 


1024K x 1 


Ei thi 
RAS 
CAS 


> 
w 
25 
pag U2) D ‘ pas + 
Vcc Vss 
Vos ne cts | 
Vcc 
Cc. c 
9) 
Vss oT 
Vss 
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TMO24EAD9 1,048,576 BY 9-BIT DYNAMIC RAM MODULE 
TMO24GAD8 1,048,576 BY 8-BIT DYNAMIC RAM MODULE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


Voltage range on:eny pin (see. Nate 1). ... . Senet SS i ee pee BRL ce eee nteo ce -1Vto7V 
VORBGR TANCE Oli VCC (SOG NOES TE... 5. 6 5 ss Tbe bon ov 0 Se ete Oe Pas Sle eae Bee =1Vto 7 V 
SOLE CHEE -OUTONE GUITONE “ic rics sce ss. «0 OEE eS sce ee WS reiki ahs Meee sania 50 mA 
Pier CMBItHONT Cl IO COCs. a Se eee go's ars Meee CRD TRE 1 eras ote ees 8 W 

TNO Cas so te ele ata» 248 Cg aha ae meee gS ae Speak aes ea 9W 
Operating, free-air temmoratufe Fange:..:. 6. ee ein nn oink wie ne be be es wee 0°C:to.:70°C 
Storach tener ranue oe eae. oe ea Aa Eee hae — 55°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


- S98INPOIWW INWH diweudg 


Vcc Supply voltage 


ViH_ High-level input voltage 
Vit Low-level input voltage (see Note 2) 


Ta. Operating free-air temperature “¢ 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER +c Siniaeccode TMO24EAD9-10 | TMO24EAD9-12 | TMO24EAD9-15 


Von Highevel output votage [ion = —5mA 
VoL Low-level output voltage lo. = 4.2 mA 


Vi = OVtO6.5V, Vcc = SV, 
I Input current (leakage) Alliother pine’=0°V to Ven 
Vo = OV to Vcc, V = 5.5 V, 
lo Output current (leakage) axe high Cer 760 a 


Icc1 Read or write cycle current} Minimum cycle, Vcc = 5.5 V 


+10 
+10 
After 1 memory cycle, 
| Standb t 27 
RAS and CAS high, Vin = 2.4 V oie 


I Average refresh current Minna cycle, Vcc = 5.5 V, 
ver 
aa : RAS cycling, CAS high 


Ve RAS SS eee ee 
ASURATS 2.3 tee 2 
22 Rees. ee Se 
p95 | 480] ma 
te(P) = minimum, Vcc = 5.5 V, 
! Average page current atin eon 270 
ee tatiana RAS low, CAS cycling 


| di 
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TMO24EADS 1,048,576 BY 9-BIT DYNAMIC RAM MODULE 
TMO24GAD8 1,048,576 BY 8-BIT DYNAMIC RAM MODULE 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TMO24GAD8-1 2 D8-12 |TM AD8-1 


Vou Highlevel output voltage [ion = —5mA CS 
VoL Low-level output voltage lo. = 4.2 mA 


Vi = OVto6.5V, Voc = BV, 
I Input current (leakage) : 
All other pins = 0 V to Vcc 


Vo = OV to Vcc, Vcc = 5.5 V, 
| Output t (leakage oan +10 
O utput current (leakage) CAS high 
lcc1 Read or write cycle current} Minimum cycle, Vcc = 5.5 V PS oie BOO | 


; re After 1 memory cycle, 
ur pe Sic Bada 
CC2 RAS and CAS high, Viy = 2.4-V 
' PER aa an Minimum cycle, Vcc = 5.5 V, 
verage refresh curr inert dies 
cana RAS cycling, CAS high 
Icc4 Average page current 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER | TMO0O24GAD8 TMO24EAD9 UNIT 


Ci(A) Input capacitance, address inputs 


te(P) = minimum, Vcc = 5.5 V, 
RAS low, CAS cycling 


Ci(p) Input capacitance, data input 


fe OB LS es eS 
Rie ee a eee ee 
Ci(RC) Input capacitance, strobe inputs Pe aoe eS ae 
Soa 
PS Rae CS 


Ci(w) Input capacitance, write-enable input 
Co Output capacitance 


NOTE 3: Vcc equal to 5.0 V + 0.5 V and the bias on pins under test is 0.0 V. 


lo Dynamic RAM Modules 
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MEMORY INTENSIVE MODULES 


Surface Mount Technology (SMT) increases the density of 
board assemblies through use of much smaller components 
than traditional technology. Texas Instruments is offering the 
benefits of SMT through memory modules to increase 
memory density in customers’ systems. For several years, 
TI has been producing catalog and custom single in-line 
packages (SIPs) and now is applying this standard technology 
to produce denser custom memory modules referred to as 
‘*Memory Intensive Modules’’ or ‘‘MIMs’’. 

TI is a world leader in DRAM technology, including 
silicon design and processing, and in packaging techniques. 
By combining these, you can get the most cost-effective 
memory system solution in functionality, density, quality, 
and reliability. MIMs also can include other logic functions, 
such as drivers, decoders, or passive components, in addition 
to memory ICs. 

SMT provides many benefits, but the most compelling 
is increased board density. The memory system portion of 
a computer or work station can be reduced by a factor of 
2.5 x to 3.5 x by using SIPs or MIMs. At the same time, 
some improvements in electrical performance of the system 
can be executed due to shorter electrical signal paths. Because 
the assemblies are smaller, multilayer boards can be used 
without significantly increasing board cost. 

Table 1 shows a comparison of through-hole vs. 
surface mount components at the 1 Meg density level. 
Because the larger silicon chip size requires a larger package 
body, there is little difference among the three common 
package types: DIP, ZIP, and SOJ. However, when the 
SOJ is used on a double-sided board, which is possible only 
with SMT, there is a two- to three-fold reduction in board 
area. The SOJ, used either single-sided or double-sided, 
is best when the criterion is minimum system volume. 


Table 1. Component Density Comparison 
1 MEG DRAM COMPONENTS 


X-Y COMP. BOARD THICKNESS 
COMPONENT # COMP./SQ.IN. 
PITCH {in.) W/COMP. (in.) 


ee ees nee Sek 


— DS SMT OFFERS THE HIGHEST COMPONENT DENSITY 

— SMBOARDS ALLOW BETTER SPACING AND COOLING IN SYSTEMS 
(BASED ON .5 IN. CENTERS BETWEEN BOARDS) 

T $$ - SINGLE SIDED, DS - DOUBLE SIDED 


MIMs offer the following benefits to the customer: 
Higher level of integration 
Custom form factors built with standard techniques 
Fully tested and ready for use 
Decreased system design and development time 
Benefits of SMT without the start-up expense 
Easy upgrade path to the next density level 
Reduced inventory variety if same MIM used in 
several systems 

MIMs extend the inherent benefits of SIPs and SMT 
to a higher level of integration and are ideal for system 
manufacturers with large memory requirements. A sample 
MIM is shown in Figure 1. This MIM provides 4 megabytes 
with a single-sided assembly or 8 megabytes with a double- 
sided assembly. Using proven design and production 
techniques, a custom product can be built with a standard, 
high-volume, cost-effective manufacturing process. TI will 
turn-key the design, layout, manufacturing, and testing of 
the module. 


ON ae ene ee ae 


DRAM TMS4C1024DJ 
CAPACITOR 0.10-0.22 pF (1206 Style) 
COMPONENT PITCH xX = 0.425, Y = 0.800 
AREA (sq. in.) 18.80 


Figure 1. Memory Intensive Modules 


Dynamic RAM Modules 
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TMS27€291, TMS27€292 16,384-BIT UV 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY 


SEPTEMBER 1986—REVISED APRIL 1988 


@ Organization ...2K x 8 J AND N PACKAGE 


Single 5-V Power Supply (TOP VIEW) 


Pin Compatible with Existing 2K x 8 
Bipolar/High-Speed CMOS EPROMs 
and PROMs 


All Inputs/Outputs TTL Compatible 
High Speed 
Max Access/Min Cycle Time 

Vcc + 5% 


‘27C/PC291-3 ‘27C292-3 35ns 
‘27C/PC291 ‘270292 45 ns 
‘27C/PC291-5 ‘27C292-5 50ns 


Vcc + 10% 
‘27C/PC291-35 ‘27C292-35 35ns FN PACKAGE 
‘27C/PC291-45 ‘27C292-45 45ns (TOP VIEW) 
‘27C/PC291-50 ‘’27C292-50 50 ns 
Mon O Ow 
@ Low-Power CMOS Technology | bs i Ss Se 


@ 3-State Output Buffers 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active. . . 394 mW Max 


@ Erasable 
100% Pretestable 


ane N 
description O00 2 S3dao0 
The TMS27C291 and TMS27C292 series are 
16,384-bit, ultraviolet-light erasable, electrically tT These pins have different pin assignments and 
programmable read-only memories. The functions in the program mode (see page 3). 


TMS27PC291 series are 16,384-bit, one-time, 
electrically programmable read-only memories. 
These devices are fabricated using CMOS 
technology for high speed and simple interface READ MODE 
with MOS and bipolar circuits. All “inputs 
(including program data inputs) can be driven by 

; : 2 , AO-A10 Address Inputs 
Series 74 TTL circuits without the use of nai Besse 
external resistors. Each output can drive eight : 

q : N . , NC No Connection 
Series 74 TTL circuits without external resistors. 

: Q1-08 Outputs 

The data outputs are three-state for connecting oes Set ete 
multiple devices to a common bus. The J and N eae E 
dual-in-line packages are pin compatible with 
existing 24-pin bipolar PROMs and high speed 
EPROMs. 


The TMS27C291 and TMS27C292 are offered in dual-in-line ceramic packages (J suffix). The TMS27C291 
ceramic package is designed for insertion in mounting-hole rows on 7,62-mm (300-mil) centers. The 
TMS27C292 ceramic package is designed for insertion in mounting-hole rows on 15,24-mm (600-mil) 
centers. 


AQ 
ADVANCE INFORMATION - EPROMs/PROMs/EEPROMs 


Vcc 5-V Power Supply 


ADVANCE INFORMATION concerns new products in i Copyright © 1986, Texas Instruments Incorporated 
the sampling or preproduction phase of development. 4s 
Characteristic data and other specifications are 


: EXAS 
subject to change without notice. IN STRUMENTS 
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TMS27C€291, TMS27€292 16,384-BIT UV 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY 


The TMS27PC291 PROM is offered in dual-in-line plastic package (N suffix) designed for insertion in 
mounting-hole rows on 7,62-mm (300-mil) centers. This version of the device is still in development, and 
the ADVANCE INFORMATION notices in this data sheet pertain to the N package devices. The 
TMS27PC291 PROM is also offered in a 28-lead plastic-leaded chip carrier (FN suffix) for surface mounting 
applications on solder lands on 1,27-mm (50-mil) centers. 


All devices are guaranteed for operation from O°C to 70°C. 


operation 


There are eight modes of operation for the TMS27C291, TMS27C292 and the TMS27PC291 as listed 
in the following table. The read mode requires a single 5-V supply. All inputs are TTL or CMOS levels except 
for Vpp during programming (13.5 V). 


FUNCTION Output abi Output | Program | Program Fast Blank Check | Blank Check 
Read # # Signature 
Disable Disable haa Inhibit Program Ones Zeros 
ofa aa 


TPin assignment for program mode. 

+X can be Vi, or Vip. 

§Vvyy = 12V + O.5V. 

q(P) = Programming mode. 

#Output can be disabled using any of these three methods. 


read/output disable m 


When the outputs of two or more of these devices are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from competing outputs of the other 
devices. To read the output of a ’27C291, '27PC291, or '27C292, a low-level signal is applied to $1 and 
a high-level signal is applied to S2 and S3. Any other combination of logic states on these three inputs 
will disable the outputs. Output data is accessed at pins Q1 through Q8. 


latchup immunity 


Latchup immunity is a minimum of 250 mA on all inputs and outputs. This feature provides latchup immunity 
beyond any potential transients at the P.C. board level when the devices are interfaced to industry-standard 
TTL or MOS logic devices. The input/output layout approach controls latchup without compromising 
performance or packing density. 
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TMS270€291, TMS27C292 16,384-BIT UV 


ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY 


erasure (TMS27C291-__JL and 
TMS27C292-__JL) 


Before programming, the ‘27C291 or ‘27C292 
is erased by exposing the chip through the 
transparent lid to high intensity ultraviolet light 
(wavelength 2537 angstroms). The 
recommended minimum exposure dose (UV 
intensity <x exposure time) is 25 watt-seconds 
per square centimeter. A typical 12 milliwatt-per- 
square-centimeter, filterless UV lamp will erase 
the device in 45 minutes. The lamp should be 
located about 2.5 centimeters above the chip 
during erasure. It should be noted that normal 
ambient light contains the correct wavelength 
for erasure. Therefore, when using the ’27C291 
or ‘27C292, the window should be covered with 
an opaque label. 


programming mode pin functions 


In the programming mode pins 18-20 on the 
dual-in-line packages or pins 22-24 on the 
plastic-leaded chip carrier no longer act as chip 
selects. Pin S1 becomes _the Vpp power 
supply, pin S2 becomes the VFY (verify) input, 
and pin S3 becomes the PGM (program) input 
in the programming mode. Programming mode 
pin assignments and nomenclature are given in 
the figures to the right. 


blank check mode 


The ‘'27C291 and '27C292 use a differential 
memory cell. This means that an unprogrammed 
device has ambiguous states in all address 
locations. Prior to programming, the blank check 
mode is used to verify that both sides of the 
differential cell are erased. The blank check 
mode is defined as S3 to Vy and $1 to 
Vi_. In this mode, S2 selects between blank 
check Os and 1s. 


fast programming 


Data is presented in parallel (eight bits) on pins 
Q1 through Q8. Once addresses and data are 
stable, PGM is pulsed. The programming mode 
is achieved when Vpp = 13.5V, Vcc = 5.0 V, 
VFY = Vin, PGM = pulsed Vi,. More than one 
'27C291,. 270282, or “27PC291T. can: de 
programmed when the devices are connected in 
parallel. Locations can be programmed in any 
order, but it is recommended that all locations 
be programmed. 


PROGRAMMING AND 
BLANK CHECK MODE 
PIN ASSIGNMENTS 


J AND N PACKAGES 
(TOP VIEW) 


FN PACKAGE 
(TOP VIEW) 


= EPROMs/PROMs/EEPROMs 


PROGRAM MODE 


Address Inputs 
Ground 
No Connection 


Program Input 
Outputs 

5-V Power Supply 
Verify Input 

13.5-V Power Supply 
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TMS27€291, TMS27C292 16,384-BIT UV 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
0.1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied. If correct data is not read, an additional 
0.1-millisecond pulse is applied up to a maximum X of 4. The Final programming pulse is 24X long. This 
sequence of programming and verification is performed at Vcc = 5.0 V and Vpp = 13.5 V. When the 
full Fast programming routine is complete, all bits are verified with Vcc = 5 V + 10% (see Figure 1). 


program inhibit 

Programming may be inhibited by maintaining a high-level input on the PGM pin. 

program verify 

Programmed bits may be verified with Vpp = 13.5 V when VFY = Vi, and PGM = VIH- 
signature mode | 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO, ij.e., AO = 
VIL accesses the manufacturer code; AO = Vip accesses device code. All other addresses must be held 
at Vi_. Each byte possesses odd parity on bit Q8. The manufacturer code for these devices is 97, and 
the device code is O2. 


- SINOYd3a/SIWOUd/SIWOHdS 


START . 


YES FAIL DEVICE 
ADDRESS = FAILED 
FIRST LOCATION 


Vcc = 5.0V 
Vpp = 13.5 V 


LAST NO INCREMENT 
YES 


PROGRAM ONE 

Vv = 5.0V % 
0.1 ms PULSE ~ = 
INCREMENT X 


ALL BYTES TO 
ORIGINAL 
DATA 


FAIL DEVICE 
FAILED 


YES PASS 


DEVICE 
PASSED 


VERIFY 
FAIL ONE BYTE 


PROGRAM ONE 
PULSE OF 
24X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 


ti 
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logic symbolst 


0.9) 


PPnein 2048 x Phase iy 2048 x 8 


Ag aoe ho 

oie id ea Ae a 

ee AY He a2 —= AY a7 102 

A3 a AY Bai 03 Aa — 2 AY a a3 

gat AVerag  . Ser 5 ee OF 

‘ne AY Q5 AS er as 
(2) (15) (2) 2047 (15) 

AG AY a6 AG AY a6 
(1) (16) (1) (16) 

AT AY A A7 AY a9 
(23) (17) (23) (17) 

AB ~192) AY QB AB 52) ae Qs 

AS 91) AS 97) 

A10 A10 

ed ge 

$1 179) ey 19) 

S2 “(78) (18) 

$3 - $3 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for J and N packages. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage range, Vcc (see Note 1).................22 00 e eee a ieee -0.6 Vto7V 
Supply voltage range, Vpp (programming mode)...............0. 2c eee ee eees —-0.6 Vto 14 V 
Input voltage range (see Note 1): All inputs except A9 and S3 ................ -0.6 V to 6.5 V 

PTE ee rr hee te ee oe oe Fee -0.6 V to 14 V 
Ortnut -voltegs ,enge {see Note 1). rst es ee ee ee ee -0.6 VtoVcc + 1V 
Operating trec-ar- temperature Tange; 6 fe 205 222. ke Se Pe Sk ae Se 0O°C to 70°C 
Braraas Termneratre fangs eh ee Rel Oe eR 2 BOR ee ees —65°C to 150°C 


‘Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

{OTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


‘27C291-35, '27PC291-35 


‘270291, '27PC291 


"270292 ‘27C292-35 
*270291-3, ‘'27PC291-3 ‘270291-45, '27PC291-45 
'27C292-3 ‘27C0292-45 


‘27C0291-50, ‘27PC291-50 
‘27C292-50 


*27C291-5, '27PC291-5 
‘27C0292-5 


45.5 «8S 
voltage (see Note 2 Veo-02 Voc #1 
-—. 
voltage (see Note 2) 


Vv Low-level input Diss stahanin Vv 
rogr 
wal voltage (see Note 2) 2 . 
Ta Operating free-air temperature 0 70 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. These are absolute voltages with respect to device ground pin and include all overshoot due to 
system and/or tester noise. Do not attempt to test these values without suitable equipment. 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Von High-level output voltage ER TE: ea RPE Se aE Se 
VoL Low-level output voltage lo = 16mA scree eae Bite | 


All inputs except S1 Vi =OVto5.5V 


I Input current (leakage) --- : 
ee ee $1 = OVt05.5V 
Output current (leakage) Vo = OVtoVcc 


lo 
Ipp Vpp programming current Vpp = 13.5 V Rete Ma 
"27C291-3, 27PC201-3 ae eee ee 
2IC2923 CS ee 4075 
'270291-36, 27PC291-36 ey eek Pa |e 
Vec = 5.5V 
'27C292-36 Tte= min 407 
‘270291, 27PC291 Ey eee ROS See 
Vcc = 5.25 V 
Supply current [276292 fe SE a Ea a 
(see Note 3) | '270291-45, '27PC291-45 ory mse naa ges 
Vcc = 5.5V 
"27C292-45 gem | Be 80 
2IC291-6, 27PC2O1-5 ae See PRLS a 
Vcc = 5.25 V 
‘27C292-5 er ae Ea er a 
‘27C291-50, 27PC291-60 oly eee ee eee 
‘27C292-60 aiecetillens Bi SION WBNS 


tTypical Icc is measured at Vcc = 5 V, Ta = 25°C and CMOS input levels. 
NOTE 3: Assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, and addresses toggling between O V and 3 V 
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capeeesnce over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


. PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 
. All inputs except 51 Vi = OV, f = 1 MHz eee foie ES 
Cj Input capacitance 
Cy Output capacitance Vo = OV, f = 1 MHz STENTS | ES Ea 


T Capacitance measurements are made on a sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Notes 3 and 4 
and Figure 2) 


'270291-3, '27PC291-3 ‘270291, '27PC291 © ‘270291-5, '27PC291-5 
‘270292-3 "270292 '270292-5 

PARAMETER °270291-35, '27PC291-35 | '27C291-45, ‘27PC291-45 | ‘27C291-50, '27PC291-50 
*270292-35 *270292-45 *270292-50 


ta(A) Access time from address 


ten($1) Enable time from S1 
ten($2) Enable time from S2 
ten($3) Enable time from S3 


tiie Disable time from $1, $2, S3 


ty(A) Output valid time 


NOTES: 3. Assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, and addresses toggling betweenO V to3 V. 
4. Minimum cycle time is equal to maximum access time. 


recommended timing requirements for programming 


an Now wax | NT 
tw(IPGM) Initial program pulse duration \ Be. Se SS ae 
tw(FPGM) Final program pulse duration Ro eee SS See 
tsu(A) Address setup time ley eeu aeees Cae ee SS 
tsu(vPP)__Vpp setup time Soe eee ee 
tsu(veY) _VFY setup time See ee ee Se 
tdis(VFY) Output disable time from VFY oo Ree es ee ee 
ten(VFY) Output enable time from VFY RoC wae 
ae or Tic ah Va 
th(A) Address hold time es ee ee 
thiph: 2 Peiehold ine pe ee 


43 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


ADVANCE INFORMATION - EPROMs/PROMs/EEPROMs 


NOILVINYOANI SONVAGV - SINOYd43/SINOYd/SINOUdS 


TMS27C€291, TMS27C292 16,384-BiT UV 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
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supply current vs operating frequency 


PARAMETER TEST CONDITIONS TYPt MAx?* 
OH2 =f <1 MHz eae 96. | 
f= 20MHe is “ae 

40 75 


UNIT 


lcc Supply current 


SUPPLY CURRENT 
vs 
OPERATING FREQUENCY 


lcc — Supply Current—mA 
> 
| [ 


Peni ee a 
aed SS ERA SSR ee SRR ae wees bee ee eee 
sl eal a ee Rei ees MMM Mecm Cs oe ee en Sa 
do ee Ee ey Ee) pe eee eee 

1 


0.1 


f— Operating Frequency —MHz 


Typical Icc is measured at Vcc =5V, Ta = 25°C and CMOS inputs levels. 
*Maximum Icc is measured at Vcc = 5.5 V, Ta = 0°C and CMOS input levels. 
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PARAMETER MEASUREMENT INFORMATION 


2.0V 
” 
R_ = 1000 — 
Oo 
OUTPUT cc 
UNDER TEST a 
T Cy = 30pF = 
= = 
FIGURE 2. OUTPUT LOAD CIRCUIT ° 
a. 
ead cycle timing a 
| ez 
: e) 
ViH - 
| ViL 
= | 1 ViH 
$1 | 
: ! VIL 2 
emt ton(S1) 7 | Oo 
+ i | ViH ben 
| ae < 
fee : ¥ = 
-—*T- ten(s2) | oc 
l | VIH 
$3 . o 
| PA o = 
porn nae ten(S3) | tdi rei 
| © Von Lid 
VoL a 
a 
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program cycle timing 


NOILVINYOSNI SONVAGV . SINOYd33/SINOUd/SINOUdS 


| ViH 
A0-A10 ADDRESS STABLE 
sd Vit 


}=———— VERIFY sapere 
i Seca PROGRAM» 


— Po tsula) 2 ale 
wee = See oe oe 
01-08 —HI-z ¢ atain IN DATA {pata our ) 
Ge, Bee. ViL/V 
iL/VOL 
: se | oa 
I tauio) | ie l 
eae beat ae 
Vpp 
Vpp foe a | 
Baa fw tsulVFY) | —o tary 
ke—ten(VFY) | Vcc 


| 
| 
tsu(VPP) | 
| ! 


re 


5 

" 
se ae 
ai =. 


Ly —___el- twiipgm) 
}<-—————eet— tw(FPGM) 


TProgramming levels for Vjy and Vj,. 
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Organization .. . 4096 x 8 


Single 5-V Power Supply 


TMS2732A-17 170 ns 
TMS2732A-20 200 ns 
TMS2732A-25 250 ns 
TMS2732A-45 450 ns 


@ Low Standby Power Dissipation .. . 


158 mW (Maximum) 


@ JEDEC Approved Pinout... 
Standard 


@® 21-V Power Supply Required for 


Programming 


® N-Channel! Silicon-Gate Technology 


PEP4 Version Available with 


Burn-in, and Extended Guaranteed Operating 
Temperature Range from — 10°C to 85°C 


(TMS2732A-_ _JP4) 


description 


All inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Times 


Industry 


168 Hour 


TMS2732A 


32,768-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


AUGUST 1983—REVISED FEBRUARY 1988 


J PACKAGE 
(TOP VIEW) 


Address Inputs 
Chip Enable 

Output Enable/21 V 
Ground 

Outputs 

5-V Power Supply 


EPROMs/PROMs/EEPROMs 


The TMS2732A is an ultraviolet light-erasable, electrically programmable read-only memory. It has 32,768 
bits organized as 4,096 words of 8-bit length. The TMS2732A oN requires a single 5-volt power supply 


with a tolerance of +5%. 


The TMS2732A provides two output control lines: Output Enable (G/Vpp) and Chip Enable (E). This feature 
allows the G/Vpp control line to eliminate bus contention in multibus microprocessor systems. The 
TMS2732A has a power-down mode that reduces maximum power dissipation from 657 mW to 158 mW 
when the device is placed on standby. 


‘This EPROM is supplied in a 24-pin dual-in-line ceramic package and is designed for operation from O0°C 
to 70°C. The TMS2732A is also offered in the PEP4 version with an extended guaranteed operating 
temperature range of — 10°C to 85°C and 168 hour burn-in (TMS2732A-_ _JP4). 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TMS2732A 
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operation 


. SINOYd335/SINOUd/SINOUdS 


The six modes of operation for the TMS2732A are listed in the following table. 


MODE 


scope! het Read Output Power Down eran Program Inhibit 
= Disable (Standby) ie Verification Programming 


Vcc 5V 5V 5V 5V 5V 5V 
(24) 


Q1-08 
(9 to 11, HI-Z 
13 to 17) 


TX = ViH or Vit 


read/output disable 


The two control pins (E and G/Vpp) must have low-level TTL signals in order to provide data at the outputs 
Chip enable (E) should be used for device selection. Output enable (G/Vpp) should be used to gate data to the 
output pins. 


power down 


The power-down mode reduces the maximum power dissipation from 657 mW to 158 mW. A TTL high-leve 
signal applied to E selects the power-down mode. In this mode, the outputs assume a high-impedance state 
independent of G/Vpp. 


erasure 


The TMS2732A is erased by exposing the chip to shortwave ultraviolet light that has a wavelength of 253.7 
nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure time 
is fifteen watt-seconds per square centimeter. The lamp should be located about 2.5 centimeters (1 inch 
above the chip during erasure. After erasure, all bits are at a high level. It should be noted that normal ambien: 
light contains the correct wavelength for erasure. Therefore, when using the TMS2732A, the window shoul 
be covered with an opaque label. 


programming 
Note that the application of a voltage in excess of 22 V to G/Vpp may damage the TMS2732A. 


After erasure (all bits in logic 1 state), logic Os are programmed into the desired locations. A logic O can onh 
be erased by ultraviolet light. In the program mode, G/Vppis taken from a TTL low level to 21 V and data to b 
programmed are applied in parallel to output pins Q1-Q8. The location to be programmed is addressed. Onc 
data and addresses are stable, a 10-millisecond TTL low-level pulse is applied to E. The maximum width o 
this pulse is 11 milliseconds. The programming pulse must be applied at each location thatis to be programmec 
Locations may be programmed in any order. 


Several TMS2732As can be programmed simultaneously by connecting them in parallel and following th 
programming sequence previously described. 


program inhibit 


The program inhibit is useful when programming multiple TMS2732As connected in parallel with different datz 
Program inhibit can be implemented by applying a high-level signal to E of the device that is not to be programme 


program verify 


After the EPROM has been programmed, the programmed bits should be verified. To verify bit states, G/Vp 
and E are set to Vj. 
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logic symbolt 


EPROM 

AO 044096 x 8 ” 

Al = 

A2 CaP a 

a. 

A3 (10) 45 Lu 

uu 

A4 (11) a * 

A5 (13) = 

04 

A7 (15) a. 

Q6 — 

AS (16) 2 

a7 Ss 

AS a Oo 
A10 oe 3 

A11 Lu 
ae 

G/Vpp 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


SuUpOrY ‘VOlabe ‘Tanne. “VOC... 6 ke eae ee we ene Bary Oar ee a a -0.3 Vto7V 
Supply voltage range, Vpp 20 ess See. Te Os Ps ee SRST ae oe eee Mee ee -0.3 V to 22 V 
Int -VOrede Tanne: 1Gkceot DIOOTOMY 3005. ee Sake 6 slat ed wes oe os Coes ewe a RS -0.3 to7 V 
ase a TERE Soe tne divans Maly ania on galls bof wciac ens ois a 3 AS Sa wale -0.3 Vto7V 
Operating free-air temperature range ............ 0c ee ee eee O°C to- 70°C 
SIGiaoe-teInperanne CONG eas oS coils ene os eo ee ee ee ke became —65°C to 150°C 


+Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘“Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 
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TMS2732A 
32,768-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


Se ee 


NOTES: 1. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device mus' 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
2. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp 
During programming, Vpp must be maintained at 21 V (+0.5 V). 


electrical characteristics over full ranges of recommended operating conditions 


[~SCSPARAMETER—|,SS*~*~*~C*SEST' CONDITION =| SMIN, MAX 
[VoH High-level output voltage | CH = 400A C—C“‘iS A 
[Vou Low-level output voltage] tL IMA CdSCCSCSC 
ui 
lo 


Input current (leakage) V; = OV to 5.25 V 
Output current (leakage) 3 Vo = 0.4 V to 5.25 V 


lcc1 Vcc supply current (standby) E at Vin, G/Vpp at Vit een = 
lcc2 Vcc supply current (active) E and G/Vpp at Vi. Bees 2 


capeciteoce. over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


All except G/V 
Cj Input capacitance P PP 
_ | GVpp 
Cy Output capacitance 


tThese parameters are tested on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


TEST TMS2732A-17| TMS2732A-20| TMS2732A-25| TMS2732A-45 
PARAMETER 
| ramawerer CONDITIONS | MIN MAX | MIN MAX | MIN MAX | MIN MAX 
ta(A) Access time from address CL = 100 pF, 
gee OO 70 


ta(E) | Access time from E Serer 


Output enable time from G/V 
ten(G) Output enable time from G/Vpp TTL load, 


; Output disable time from E 


taj try = 20ns, 
dis or G, whichever occurs first : 
—— tf = 20ns, 
Output data valid time after See Fi 1 

— ee Figure 
ty(A) change of address, E, or G/Vpp, se eas ; 


whichever occurs first 


NOTE 3: For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output referenc 
levels are 0.8 V and 2.0 V. 
TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled, not 100% tested. 
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recommended conditions for programming, TA = 25°C (see Note 4) 


Vcc Supply voltage 
RR eee: ae it: Eee ieee, Cais a Sie lee 3 Fe 
rea Ee ee oe ae 
 Segi),  aren Sete ne FS ES ee ae Ae 2 Os 
i ae en SC es ree Oar Se eae Malem BE riaeee ak 
BT, a aS een ae an NS ae SEM ee 
Kae sea aes CR Te NT ee 
Limbs.  e  e 
ieee ON Gi a Oe ae ee ee ee 

Sh eee ie 
Sas Se 
oy adel 


trec(PG) G/Vpp recovery time 
tr(PG)G G/Vpp rise time during programming 


tEHD _Delay time, data valid after E low 


NOTE 4: When programming the TMS2732A, connect a 0.1 uF capacitor between G/Vpp and GND to suppress spurious voltage transients 
which may damage the device. 


programming characteristics, TA = 25°C 


Viewdnawdes [I 
VY wwe [oo ee er or Oe 
PP E 
CC 


icc Supply current ee eee 
tdis(PR) Output disable time Pleo eee 
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PARAMETER MEASUREMENT INFORMATION 


2.09 V 


R, = 7800 
OUTPUT 
UNDER TEST 


C_ = 100 pF 


FIGURE 1. TYPICAL OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


oA 2.0 V 2.0 V 
0.40 V 0.8 V 0.8 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


SINOYd43/SINOUd/SINOYdS 


read cycle timing 


ViH 
AO-A11 
VIL 
l ke—tvia)—o i 
Y IH 
: | o—o- en(G) 
/Vpp | --— 3 
Pi ViL 
jxg——ta( A) o>! tdis i 
OH 
01-08 
VOL 


standby mode 


ViH 
AO-A11 
: VIL 
ie ViH 
E 
: ViL 
tdis——> bee—ta(e) 
VOH 
Q1-08 HI-Z 
VOL 


NOTE 3: For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timinc 
reference levels are 0.8 V and 2.0 V. 


TEXAS we 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


6-18 


TMS2732A 
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program cycle timing 


ViH ” 
‘ Oo 
pe thn A) oo} . & 
ViH/VOH TT 
01-08 ad 
Vit/VoL ” 
wiles Vv & 
i PP (©) 
a. 
t : VIL 
nen ener nee ke-tEHD Oo 
ViH = 
E | @) 
I ViL © 
t 
wie} fo cn Se Liu 


NOTE 3: For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing ae 
reference levels are 0.8 V and 2.0 V. ; 
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TMS27C32 32,768-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC32 32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 


MAY 1988 


This Data Sheet is Applicable to All J & N PACKAGE 
TMS27C32s and TMS27PC32s Symbolized (TOP VIEW) 
with Code “‘A’’ as Described on Page 12. 


Organization... 4K x 8 
Single 5-V Power Supply 


Pin Compatible with Existing 32K MOS 
ROMs, PROMs, and EPROMs 


@ JEDEC Standard Pinout 
All Inputs/Outputs Fully TTL Compatible 
@ Max Access/Min Cycle Times 


Vcc +5% Vcc +10% 
‘27C32-100 ’27C32-10 100 ns 
"27C/PC32-120 ‘27C/PC32-12 120ns 
‘27C/PC32-150 ’27C/PC32-15 150 ns Address Inputs 
‘27C/PC32-2 ’27C/PC32-20 200 ns Chip Enable 
‘27C/PC32 ‘27C/PC32-25 250ns | Output Enable/12-13 V 
@ Power Saving CMOS Technology a frbinpiies oat 
@® Very High-Speed SNAP! Pulse Programming Outputs 
or Fast Programming Algorithms 5-V Power Supply 
3-State Output Buffers @® Low Power Dissipation (Vcc = 5.25 V) 
— Active... 
@ 400 mV Guaranteed DC Noise Immunity —— loves ae ee ee 
ith Standard TTL Load — Standby .. . 1.4 mW Worst Case 
™ slot: barat (CMOS Input Levels) 


@ Latchup Immunity of 250 mA on All Input 


and Output Lines @ PEP4 Version Availabie with 168 Hour Burn- 


In, and also Extended Guaranteed Operating 
Temperature Ranges 


lescription 


The TMS27C32 series are 32,768-bit ultraviolet-light erasable, electrically programmable read-only 
memories. 


The TMS27PC32 series are 32,768-bit, one-time, electrically programmable read-only memories. 


ADVANCE INFORMATION > EPROMs/PROMs/EEPROMs 


These devices are fabricated using power saving CMOS technology for high-speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without 
external resistors. 


The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C32 and 
the TMS27PC32 are pin compatible with 24-pin 32K MOS ROMs, PROMs, and EPROMs. 


The TMS27C32 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C3z2 is available with two guaranteed 
temperature ranges of 0°C to 70°C and —40°C to 85°C (TMS27C32-_ _JL and TMS27C32-_ _JE, 
respectively). The TMS27C32 is also offered with 168 hour burn-in on both temperature ranges 
(TMS27C32-_ __JL4 and TMS27C32-_ _JE4, respectively). (See table on page 2). 


ADVANCE INFORMATION documents contain ‘ Copyright © 1988, Texas Instruments Incorporated 
pear oe vpn a in ey eo Ba Te aig 

preproduction phase of development. Characteristic XAS 

data and other specifications are subject to change 6-21 
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SINOYd33/SINOYd/SINOUdS 


The TMS27PC32 PROM is offered in a dual-in-line plastic package (N suffix) designed for insertion ir 


mounting hole rows on 15,2-mm (600-mil) centers. The TMS27PC32 is guaranteed for operation from 
O°C to 70°C (NL suffix). 


All package styles conform to JEDEC standards. 


SUFFIX FOR OPERATING SUFFIX FOR PEP4 
TEMPERATURE RANGES 168 + 8 HR. BURN-IN 


WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 
0°C to i -— 40°C to 85°C 0°C to 70°C | —40°C to 85°C 
ee SN a 


These 32K EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal fo: 
use in microprocessor-based systems. One other 12-13 V supply is needed for programming. Al 
programming signals are TTL level. These devices are programmable by either Fast or SNAP! Pulse 
programming algorithms. Fast programming uses a Vpp of 12.5 V and a Vcc of 6.0 V for a nomina 
programming time of two minutes. SNAP! Pulse programming uses a Vpp of 13.0 V and a VCC 
of 6.5 V for a nominal programming time of 1 second. For programming outside the system, existing EPROM 
programmers can be used. Locations may be programmed singly, in blocks, or at random. 


There are seven modes of operation listed in the following table. Read mode requires a single 5-V supply. 


All inputs are TTL level except for Vpp during programming (12.5 V for Fast, or 13.0 V for SNAP! Pulse) 
and 12 V on AQ for signature mode. 


FUNCTION MODE 


(PINS) Signature 
Mode 


TX Can be Vj, or Vip. 


Vy ‘- 


12V+ 05 V. 
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read/output disable 


When the outputs of two or more TMS27C32s or TMS27PC32s are connected in parallel on the same 
bus, the output of any particular device in the circuit can be read with no interference from the competing 
outputs of the other devices. To read the output of a single device, a low-level signal is applied to the 
E and G/Vpp pins. All other devices in the circuit should have their outputs disabled by applying a high-level 
signal to one of these pins. Output data is accessed at pins Q1 to Q8. 


latchup immunity . 


Latchup immunity on the TMS27C32 and TMS27PC32 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the 
devices are interfaced to industry-standard TTL or MOS logic devices. Input/output layout approach controls 
latchup without compromising performance or packing density. 


For more information see application report SMLAOO1; ‘Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family,’’ available through TI Field Sales Offices. 


power down 


Active ICC current can be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 pA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure (TMS27C32) 


Before programming, the TMS27C32 EPROM is erased by exposing the chip through the transparent lid 
to high intensity ultraviolet light (wavelength 2537 angstroms). EPROM erasure before programming is 
necessary to assure that all bits are in the logic 1 (high) state. Logic Os are programmed into the desired 
locations. A programmed logic O can be erased only by ultraviolet light. The recommended minimum 
ultraviolet light exposure dose (UV intensity x exposure time) is 15 watt-seconds per square centimeter. 
A typical 12-milliwatt-per-square-centimeter, filterless UV lamp will erase the device in 21 minutes. The 
lamp should be located about 2.5 centimeters above the chip during erasure. It should be noted that normal 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS27C32, the 
window should be covered with an opaque label. 


initializing (TMS27PC32) 


The one-time programmable TMS27PC32 PROM is provided with all bits in the logic 1 state, then logic Os 
are programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 


SNAP! Pulse programming 


The 32K EPROM and PROM can be programmed using the TI SNAP! Pulse programming algorithm illustrated 
by the flowchart in Figure 1, which can reduce programming time to a nominal of one second. Actual 
programming time will vary as a function of the programmer used. 


Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses and data are stable, E is pulsed. 


The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (ys) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 
100 us pulses per byte are provided before a failure is recognized. 


The programming mode is achieved when G/Vpp = 13.0 V, Vcc = 6.5 V, and E = Vj... More than one 
device can be programmed when the devices are connected in parallel. Locations can be programmed 
in any order. When the SNAP! Pulse programming routine is complete, all bits are verified when 
Vcc = 5 V, G/Vpp = Vi, and E = Vi. 
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fast programming 


The 32K EPROM and PROM can be programmed using the Fast programming algorithm illustrated by the 
flowchart in Figure 2. During Fast programming, data is presented in parallel (eight bits) on pins Q1 to 
Q8. Once addresses and data are stable, E is pulsed. The programming mode is achieved when 
G/Vpp = 12.5 V, Vcc = 6.0 V, and E = Vj. More than one device can be programmed when the devices 
are connected in parallel. Locations can be programmed in any order. 


Fast programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse 
is 1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and G/Vpp = 12.5 V. When the 
full Fast programming routine is complete, all bits are verified when Vcc = G/Vpp =5 V. 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits may be verified when G/Vpp and E = Vj,. 


signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 


is activated when AQ (pin 22) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO 
(pin 8); i.e., AO = Vi_ accesses the manufacturer code which is output on Q1-Q8; AO = Vip accesses 
the device code which is output on Q1-Q8. All other addresses must be held at Vj,_. Each byte possesses 
odd parity on bit Q8. The manufacturer code for these devices is 97, and the device code is 08. 
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Vcc = 6.5 V + 0.25 V,G/Vpp = 13.0 V + 0.25 V 


START 
ADDRESS = FIRST LOCATION 


; PROGRAM 
PROGRAM ONE PULSE = tw = 100 us INCREMENT ADDRESS MODE 


LAST 
ADDRESS? 
YES 
ADDRESS = FIRST LOCATION 
PROGRAM ONE PULSE = ty = 100 us 


INTERACTIVE 
MODE 


DEVICE FAILED 


° EPROMs/PROMs/EEPROMs 


INCREMENT 


FY 
ADDRESS rc 


WORD 


LAST 
ADDRESS? 
Ss 


YE 
Vec = 5.0 V + 0.5 V, G/Vpp = Vit 


COMPARE 

ALL BYTES 
TO ORIGINAL 
DATA 


FINAL 
VERIFICATION 


PASS 
DEVICE PASSED 


FIGURE 1. SNAP! PULSE PROGRAMMING FLOWCHART 
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START 
ADDRESS = 
FIRST LOCATION 


Vec = 6V 
G/Vpp = 12.5 V 


PROGRAM ONE 
1 ms PULSE 
INCREMENT X 


NO 


YES 


VERIFY 
ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X ms DURATION 


LAST 
ADDRESS? 
YES 


Vcc = 5 V. G/Vpp = Vit 


DEVICE 
FAILED 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 
DEVICE 
PASSED 


FIGURE 2. FAST PROGRAMMING FLOWCHART 
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igic symbolst 


EPROM 4096 x 8 


PROM 4096 


pe U . 7) 

Ag 3 (9) A2 a (9) 
A3 3) 94 A3 a1 
(4) (10) (4) (10) 

AA a2 Aa a2 
(3) (11) (3) (11) 

AS a3 AS a3 
(2) (13) (2) (13) 

AG 04 AG a4 
(1) (14) (1) (14) 

AT Qs AT as 
(23) (15) (23) (15) 
AS a6 AS a6 
(22) (16) (22) (16) 
AS~79) (17) 27 AS~79) (17) 27 
A10 as A10 as 

A112) veda TT 

= (18) 1778) 
ere 
vpp-(20! = Givpp (20) — 


hese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


ysolute maximum ratings over operating free-air temperature range (unless otherwise noted) + 


-~0:6 V-to:7 V 
—-0.6 Vto 14 V 
—0.6 V to 6.5 V 
—0.6 V to 13.5 V 
-0.6 VtoVcc + 1V 
0°C to 70°C 
— 40°C to 85°C 
=65°C: to: 150°C 


Supply voltage range, Vcc (see Note 1) 
Supply voltage range, Vpp (see Note 1) 
Input voltage range (see Note 1): All inputs except A9 

: Ag 


Output voltage range (see Note 1) 
Operating free-air temperature range ('27C32-__JL and JL4; '27PC32-__NL) 
Operating free-air temperature range (‘27C32-__JE and JE4) 
Storage temperature range 


ITE 1: Under absolute maximum ratings, voltage values are with respect to GND. 

tresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
nly, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
onditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
2vice reliability. 
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recommended operating conditions 


*27C032-100 ‘27C032-10 

‘27C/PC32-120 ‘27C/PC32-12 
‘27C/PC32-150 *27C/PC32-15 
‘27C/PC32-2 *27C/PC32-20 
*27C/PC32 ‘27C/PC32-25 


6.5 6.75 6.25 


NOTE 2: Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
Vv 


gH = 52.8 A orcas rant do 
SO oe Noir 20 xa’ vee 


SiGe FeO Cee SS ae 
VoL Low-level output voltage lo. = 20 yA Pe eee a 


I Input current (leakage) Vi = OVto5.5V 
lo Output current (leakage) Vo = OVto Vcc 
lpp G/Vpp supply current (during program pulse) G/Vpp = 13 V 


Vcc supply current TTL-input level Vec = 5.5 V, E = Vin eg ae eee 
CC1 
(standby) CMOS-input level Vcc = 5.5 V,E = Vcc Pe 5, OF RO | 


Vec = 5.5 V, E = Vit, 
tcycle = minimum cycle time, 
outputs open 


lcc2 Vcc supply current (active) 


TTypical values are at Ta = 25°C and nominal voltages. 


NOILVINYOSANI SONVACV - SINOYd34/SINOYd/SINOUdS 


Senne cove recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER | TEST CONDITIONS MIN TYPTt MAX 
Cj Input capacitance Vv; = OV, f = 1 MHz Cees eas 


T Typical values are at Ta = 25°C and nominal voltages. 
+Capacitance measurements are made on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 3 and 4) 


CON | oer lap ot (acoegeet poe 
PARAMETER (SEE NOTES 3 AND 4) 3 Si 


ta(A) Access time from address 
ta(E) | Access time from chip enable 
ten(G) Output enable time from G/Vpp 


Output disable time from G/Vpp 


Cy = 100 pF, 
1 Series 74 TTL Load, 
Input tr <=20 ns, 


tdis = : : 
or E, whichever occurs first? 
Output data valid time after Input tp =20 ns 
ty(A) change of address, E, or 


G/Vpp, whichever occurs firstt 


PARAMETER 


ta(A) Access time from address 
ta(eE) | Access time from chip enable 
ten(G) Output enable time from G/Vpp 


fa: Output disable time from G/Vpp or E, whichever 
occurs first? ; 


Output data valid time after change of address, 
E, or G/Vpp, whichever occurs first? 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


*27C/PC32-2 ‘27C/PC32 
‘27C/PC32-20 | ‘27C/PC32-25 | UNIT 


TValue calculated from 0.5 V delta to measured level. This parameter is only sampled and not 100% tested. 


Ci = 100 pF, 

1 Series 74 TTL Load, 
Input tr <20 ns, 

Input ts; <20 ns 


ty(A) 


switching characteristics for programming: Vcc = 6 V and G/Vpp = 12.5 V (Fast) or Vcc = 6.50 V 
and G/Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C (see Note 3) 


PARAMETER 


tdis(G) | Output disable time. from G/Vpp 


ten(G) | Output enable time from G/Vpp 


NOTES: 3. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for 
logic 1 and 0.8 V for logic O (reference page 11). 
4. Common test conditions apply for tgjg except during programming. 
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recommended timing requirements for programming: VCC = 6 V and G/Vpp = 12.5 V (Fast) or 
Vcc = 6.50 V and G/Vpp = 13.0 V (SNAP! Pulse), TA = 25°C (see Note 3) 


Fast programming algorithm 


SNAP! Pulse programming algorithm 95 100 105 
tw(FPGM) Final pulse duration Fast programming only 2.85 : 


Data setup time 


twiIPGM) _ !nitial program pulse duration 


tsu(VPP) G/Vpp setup time 


tsu(vCC) Vcc setup time 
th(A) Address hold time 
th(D) Data hold time 


tr(PG)G G/Vpp rise time 


NOTE 3: For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for 
logic 1 and 0.8 V for logic O (reference page 11). 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


R, = 800 0 
OUTPUT 
UNDER TEST 


FIGURE 3. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


2.4V 
; 2-0 V 2.0 V } 
0.40 V 0.8 V | 0.8 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic O. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O for both outputs. 


read cycle timing 


ViH 
AO-A11 i ADDRESSES VALID i 
V 
IL 
| | 
. | 
s | ViH 
E | | 
: VIL 
| j—_—- te 


“—_———_— CL ae Dope 
Q1-08 HI-Z CANA AY VALID if VoL 
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program cycle timing 


AO-A11 { ADDRESS STABLE i 


betsy) | 


| th(A) a — pl 


| | Vin/ 

VOH 

Q1-08 1 DATA IN STABLE I HI-Z | DATA OUT VALID | Viv! 
| 


mth) 


| | t gq 
rt(PG)G | deel 


| 
| 
| ViH 
| 


twi(IPGM) 
tw(FPGM) 


Ttais(G) is a characteristic of the device but must be accommodated by the programmer. 
442.5 V G/Vpp and 6.0 V Vcc for Fast programming; 13.0 V G/Vpp and 6.50 V Vcc for SNAP! Pulse programming. 
device symbolization 


This data sheet is applicable to all Ti TMS27C32 CMOS EPROMs and TMS27PC32 CMOS PROMs with 
the data sheet revision code *‘A’’ as shown below. 


NOILVINYOSNI sowvaay SINOYd34/SINOUd/SINOUdS 
| 


DATA SHEET REVISION CODE 
FRONT END CODE 
DIE REVISION CODE 
BACK END CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 


Hi 
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STANDBY SUPPLY CURRENT STANDBY SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
£ £ 1.50 
4 2 
Paes a: 1.25 
: 3 
a ¥ ” = 1.00 
BE BE 
38 3 
, = & = 0.75 
; ; 
Q 5 0.50 
- 2 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
ACTIVE SUPPLY CURRENT ACTIVE SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


1.25 ae. a 


0.50 
-75 -50 -25 0 25 50 75 100 125 


lcc2—Active Supply Current 
(Normalized) 
ro) 
°o 
Icc2—Active Supply Current 
(Normalized) 


4.25 4.5 4.75 50 5.25 55 5.75 
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Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
ACESS TIVE ACCESS TIME 
vs vs 
FREE-AIR TEMPERATURE Paar SUPPLY VOLTAGE 
® 
2 ae 1.25 
- 3 = oO 
o § P 8 
B = ® @ 1.00 
3 £ 8 £ 
q 6 . 8 
| = 0.75 
sy = 
0.50 
-75 -50 -25 0 25 50 75 100 125 4.25 4.5 4.75 5.0 5.25 55 5.75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
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TMS2764 
65,536-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


JULY 1983 — REVISED MARCH 1988 


@ Organization ...8192K x 8 J PACKAGE 

@ Single 5-V Power Supply sid sia 

© Pin Compatible with Existing 64K EPROMs zPe 

@ All Inputs and Outputs are TTL Compatible A7 

@ Max Access/Min Cycle Time aS 
TMS2764-17. 170 ns “e 
TMS2764-20 200ns 
TMS2764-25 250ns : 
TMS2764-45 450ns = 

@ Low Standby Power Dissipation .. . AO 
184 mW (Maximum) Q1 

@ JEDEC Approved Pinout oe 

@ 21-V Power Supply Required for GND 
Programming 

@ Fast Programming Algorithm 
N-Channel Silicon-Gate Technology snag =e 

Chip Enable 
PEP4 Version Available with 168 Hour Output Enable 
Burn-in and Guaranteed Operating Ground 
Temperature Range from — 10°C to 85°C No Connection 
(TMS2764-_ _JP4) Program 
Outputs 
description 5-V Power Supply 


21-V Power Supply 


The TMS2764 is an ultraviolet-light erasable, 
electrically programmable read-only memory. It 
has 65,536 bits organized as 8,192 words of 
8-bit length. The TMS2764 only requires a single 5-volt power supply with a tolerance of +5%. 


The TMS2764 provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows 
the G control line to eliminate bus contention in microprocessor systems. The TMS2764 has a power- 
down mode that reduces maximum power dissipation from 150 mA to 35 mA when the device is placed 
on standby. 


This EPROM is supplied in a 28-pin, 15,2-mm (600-mil) dual-in-line ceramic package and is designed for 
operation from 0°C to 70°C. The TMS2764 is also offered in the PEP4 version with an extended guaranteed 
operating temperature range of — 10°C to 85°C and 168 hour burn-in (TMS2764—_ _JP4). 


operation 


The six modes of operation for the TMS2764 are listed in the following table. 


PRODUCTION DATA documents contain information ; Fi Copyright © 1983, Texas Instruments Incorporated 


current as of publication date. Products conform to 


specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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TMS2764 
65,536-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


FUNCTION . 
(PINS) Read Output Power Down Program Inhibit 
Disable (Standby) Be ise Verification Programming 
VIL RRC ie be idle ue ees 


¥oC Vcc Vcc VPP VPP Vpp or Vcc 


Vcc Vcc Vcc Vcc Vcc Vcc 


(11 to 13, DouT DouT HI-Z 
15 to 19) 


TX = Vip or Vit 


read/output disable 


The two control pins (E and G) must have low-level TTL signals in order to provide data at the outputs 
Chip enable (E) should be used for device selection. Output enable (G) should be used to gate data to the 
output pins. 


power down 


The power-down mode reduces the maximum active current from 150 mA to 35 mA. A TTL high-leve 
signal applied to E selects the power-down mode. In this mode, the outputs assume a high-impedance 
state, independent of G. 


erasure 


Before programming, the TMS2764 is erased by exposing the chip to shortwave ultraviolet light that ha: 
a wavelength of 253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (U\ 
intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 mW/cm2 UV lam} 
will erase the device in approximately 20 minutes. The lamp should be located about 2.5 centimeters (‘ 
inch) above the chip during erasure. After erasure, all bits are at a high level. It should be noted that normeé 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS2764, the windov 
should be covered with an opaque label. 


Fast programming 
Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS2764. 


After erasure, logic Os are programmed into the desired locations. Programming consists of the followin 
sequence of events. With the level on Vpp equal to 21 V and E at TTL low, data to be programmed i 
applied in parallel to output pins Q1-Q8. The location to be programmed is addressed. Once data an 
addresses are stable, a TTL low-level pulse is applied to PGM. Programming pulses must be applied ¢ 
each location that is to be programmed. Locations may be programmed in any order. 
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Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each application, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is then applied. If correct data is not read, a further 
1 millisecond programming pulse is applied up to a maximum X of 15. The Final programming pulse is 
4X milliseconds long. This sequence of programming pulses and byte verification is done at 
Vcc = 6.0 V and Vpp = 21.0 V. When the full Fast programming routine is complete, all bits are verified 
with Vcc = Vpp = 5 V. A flowchart of the Fast programming routine is shown in Figure 1. 


multiple device programming 


Several TMS2764s can be programmed simultaneously by connecting them in parallel and following the 
programming sequence previously described. 


program inhibit 


The program inhibit is useful when programming multiple TMS2764s connected in parallel with different 
data. Program inhibit can be implemented by applying a high-level signal to E or PGM of the device that is not 
to be programmed. 


program verify 
Programmed bits may be verified with Vpp = 21 V whenG = Vj, E = Vit and PGM = Vjp. 


YES FAIL DEVICE 
ADDRESS = FAILED 
FIRST LOCATION 
PASS 


Voc = 6V 
Vpp = 21V 
LAST NO INCREMENT 
pata Ress ADDRESS? ADDRESS 


YES 
PROGRAM ONE 
rues. Mie oe 
1 ms PULSE gg Saad 


COMPAR 
ALL BYTES TO 
ORIGINAL 


< i 
DEVICE 
PASSED 


VERIFY 


FAIL ONE BYTE 


PROGRAM ONE 
PULSE OF 
4X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbolt 


- SINOYd33/SINO'd/SINOUd] 


AO (10) 
sare 
A2 (11) 
(7) Q1 
A3 (12) 
A (6) Q2 
(13) 
(5) Q3 
A5 (15) 
(4) Q4 
AG (16) 
(3) Q5 
A7 (17) 
(25) O6 
A8 (18) 
ag aoe (19) = 
(21) a8 
A10 
Alt (23) 
(2) 
A12 12 
E 20) [PWR DWN] 
7A (22) 


tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) + 


SUID WON BCI CUI eT Ceo ate 5 na etek clas oy 7c alae ae 6 parol Nearlnae ta eaeiyias -0.6 Vto7V 
Suny vVoursoerenge, VER. eo cs oS Oe Bre Se ie leek Chic eh ee oe -0.6 V to 22 V 
ow) 2. | te ee aM en Ramat rer ona wimp At, Poneman eee ese Seceles. Y -0.6 Vto7V 
Ot) ei BT re en: een ons Mb enetes & pe aaaee eae: Bakes oe -0.6 Vto7 V 
Operating tree-air temperature Tange . . |. 0... Fase a ed sw SAINI ee OFC. to 70°C 
Storage temperature range: - went 22 3s TOSS Sees or oe i oe Be ee Ee ee —65°C to 150°C 


+Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘“Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


recommended operating conditions 


Vcc Supply voltage * 4.75 5 


ViH High-level input voltage Vcc+1 
VIL Low-level input voltage (see Note 1) 
TA Operating free-air temperature 


NOTE 1: The algebraic convention, where the more negative (less positive) limit is designated as minimum is used in this data sheet 
for logic voltage levels only. 


5 5.2 
Voc 
2 
1 0 
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electrical characteristics over full ranges of recommended operating conditions 


| PARAMETER —sis| SS STESTCONDITIONS =—| MIN, MAX 
[Vor High-level output voltage «| ton = -400WA—SC~=~“~*~dSC CC 
[Vou _tow-evel output voltage «| SSC mA OSC~“~*~‘~S*~*dCSC‘“‘CSCOMBS*LCV—C 


lcc2 Vcc supply current (active) 


a. over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 
C Input capacitance FESS Lk A a 


i Vj; =OV 
Co Output capacitance Vo =O0V 


T Capacitance measurements are made on a sample basis only. 
+Typical values are at Ta = 25°C and nominal voltage. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range, CL = 100 pF, 1 Series 74 TTL load (see Note 2 and Figure 2) 


™ 1™ms2764-20 | Tms2764-25 | TMS2764-45 
PARAMETER S2764-17 | TMS2764-20 | TMS2764-25 | TMS2764-45 UNIT 


ta(A) Access time from address 


ta(E) Access time from E 
ten(G) Output enable time from G ly SS or OBS! 


tdis(G)§ Output disable time from G 
Output data valid time after 
ty(A) change of address, E, or G, 
NOTE 2: For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing 
reference levels are 0.8 V and 2.0 V. 
8Value calculated from 0.5 V delta to measured output level; tdis(G) is specified from G or E, whichever occurs first. Refer to read-cycle 
timing diagram. This parameter is only sampled and not 100% tested. 


| MIN MAX 
platen: ROOST | oei BBO s | AGO. nee 
i MS Se ee ie 
Eien See ee 
po eo} 0 es] 0 130] ns 


whichever occurs first 
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recommended conditions for Fast programming routine, TA = 25°C (see Note 2 and Fast programming 
cycle time diagram) 


ini ee See ee 
[Vp Supply voltage (see Note 4) SSCS HC 
| twilpGM) __PGM initial program pulse duration (see Note 5) 9511.08 
| twiFPGM) _PGM final pulse duration see Note6) CL BC 
a eae oe ee | 
ope ate ee 
eae Nee Se ee 
cero 
ie eer 
oe aa 
ort: Cee 
eet et 


tsu(VCC) Vcc setup time 
th(A) Address hold time 
th(D) Data hold time 


tsu(E) E setup time 
tsu(G) G setup time 


PARAMETER TEST CONDITIONS MIN TYP MAX 
tdis(G)FP __. Output disable time from G (see Note 7) CL = 100 pF Ree Rae 
ten(G)FP Output enable time from G 1 Series 74 TTL Load SSE 


NOTES: 2. For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing 
reference levels are 0.8 V and 2.0 V. 
3. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
4. When programming the TMS2764, connect a 0.1 uF capacitor between Vpp and GND to suppress spurious voltage transients 
which may damage the device. 
. The Initial program pulse duration tolerance is 1 ms +5%. 
. The length of the Final pulse will vary from 3.8 ms to 63 ms depending on the number of Initial pulse applications (X). 
. This parameter is only sampled and is not 100% tested. 
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PARAMETER MEASUREMENT INFORMATION 


2.09 V 
R. = 7800 


es = 100 pF 


OUTPUT 
UNDER TEST 


NOTE 8: t¢ < 20 ns andt, < 20 ns. 


FIGURE 2. TYPICAL OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


ats He 2.0 V 2.0 V 
0.40 V 0.8 V 0.8V 


A.C. testing inputs are driven at 2.4 for logic 1 and 0.4 V for logic O. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


read cycle timing 


| VIH 
E | 
l 
| | 
I : 
l | l IH 
| oie 
| VIL 
| ten(G) oe et —te- tis (G) 
le "gay Tay 


OH 
ovae 2 $00 Se 


VOL 


9) 
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fast program cycle timing 
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gee PROGRAM ———>"— VERIFY Bea 


ViH 
A0-A12 1 ADDRESS STABLE DATA OUT VALID !X ADDRESS N+1 


es = tdis(G)FP 


i VIL 
| Ke tsuiA) | f— tha) 
a Vin/VOH 
01-A8 — | DATA IN STABLE !)—HI-z—<1 A OUT ; 
; VALID 
‘Vitr/VOL 
| 
| 


| 
l ry l ViH 
PGM | | 1 | 
~ tsu(G) | VIL 


I eo 
tw(IPGM) > eer. 
tw(FPGM) -— Hs ad ss 
in 
| 
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MAY 1988 


Organization... 8K x 8 J, JT, N AND 
NT PACKAGES? 
Single 5-V Power Supply (TOP VIEW) 


Pin Compatible with Existing 8K x 8 
Bipolar/High-Speed CMOS EPROMs and 


PROMs 
All inputs/Outputs TTL Compatible 
High Speed 
@ Max Access/Min Cycle Time 
Vcc + 5% Vcc + 10% 
’27C49-4 *27C49-45 45 ns 
*27PC49-4 ‘27PC49-45 45 ns 
‘27C49-5 ‘27C49-55 55 ns 
*27PC49-5 ‘27PC49-55 55 ns 
t 
Low-Power CMOS Technology ai Sk 
(TOP VIEW) 


‘3-State Output Buffers 
Fast Programming. . . 100 us Pulse 


Low Power Dissipation (Vcc =5.25 V) 
— Active .. . 495 mW Worst Case 


@ Erasable 
@® 100% Pretestable 


1213 14 151617 18 


description ere ee 
oO oO z2zo rs @) 
The TMS27C49 EPROM series are 65,536-bit, G) 
ultraviolet-light erasable, electrically programmable tPins have different pin assignments and 
read-only memories in ceramic packages (J or ‘is functions in the program mode. 
suffix). 


READ MODE 


PIN NOMENCLATURE 


Address Inputs 
Chip Enable 
Ground 

No Connection 
Outputs 


The TMS27PC49 PROM series are 65,536-bit, 
one-time, electrically programmable read-only 
memories in plastic packages (N, NT, or FN suffix). 
These devices are fabricated using CMOS 
technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including 
program data inputs) can be driven by Series 74 
TTL circuits without the use of external pull-up 
resistors. Each output can drive eight Series 74 TTL circuits without pull-up resistors. 


ADVANCE INFORMATION a EPROMs/PROMs/EEPROMs 


5-V Power Supply 


The data outputs are three-state for connecting multiple devices to a common bus. The J, JT, N, and NT 
packaged devices are pin compatible with existing 24-pin high-speed EPROMs and bipolar PROMs. 


The JT and NT packages are designed for insertion in mounting-hole rows on 7,62-mm (300 mil) centers. 
The J and N packages are designed for insertion in mounting-hole rows on 15,24-mm (600 mil) centers. 
The TMS27PC49 PROM is also provided in an FN plastic leaded chip carrier package for surface mounting 
on pads of 1,27-mm (50 mil) lead spacing. 


The TMS27C49 EPROM and the TMS27PC49 PROM are guaranteed for operation from 0°C to 70°C (L 


suffix). 
ADVANCE INFORMATION documents contain i. Copyright © 1988, Texas Instruments Incorporated 
information on new products in the sampling or 43 
preproduction p development. Characteristic TEXAS 6-43 
Gas ait ales caaatlieations are subject to change INSTRUMENTS 
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FUNCTION 


A12/VSELt 


There are nine modes of operation for the TMS27C49 and TMS27PC49 listed in the following table. The read 
mode requires a single 5-V supply. All inputs are TTL or CMOS levels except for Vpp, E, and PGM, 
which can be high level voltages during specific modes. 


Disable Verify Os | Verify 1s Inhibit Check Os | Check 1s 
E [oS [ant [on | wer | cl om femeto 
oe oe De [oe [ee [oe 
8 
Le Pe | ee 
eel ee 
Bee e 


O 


Dout | Pout | MFG | DEV | 
| 97 | pre 


TPin assignments for program mode. 
+X can be Vit or Vip- 

Sv, =12V40.5V. 

{(P) = Rowere mode. 


read/output disable 


When the outputs of two or more TMS27C49s or TMS27PC4Qs are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs 
of the other devices. To read the output of the selected TMS27C49 or TMS27PC49, alow-level signal is applied 


to E. All other devices in the circuit should have their outputs disabled by applying a 
high-level signal to their E pins. Output data is accessed at pins Q1 through O8. 


latchup immunity 


Latchup immunity is a minimum of 250 mA on allinputs and outputs. This feature provides latchup immunity 
beyond any potential transients at the P.C. board level when the devices are interfaced to industry-standard 
TTL or MOS logic devices. The input/output layout approach controls latchup without compromising 
performance or packing density. 
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erasure (TMS27C49-_ _JL and JTL EPROMs) 


Before programming, the TMS27C49 EPROMs 
are erased by exposing the chip through the 
transparent lid to high intensity ultraviolet light 
(wavelength 2537 #£=angstroms). The 
recommended minimum exposure dose (UV 
intensity x exposure time) is 25 watt-seconds per 
square centimeter. A typical 12 milliwatt-per- 
square-centimeter, filterless UV lamp will erase 
the device in 45 minutes. The lamp should be 
located about 2.5 centimeters above the chip 
during erasure. It should be noted that normal 
ambient light contains the correct wavelength for 
erasure. Therefore, when using the TMS27C49 
EPROM, the window should be covered with an 
opaque label. 


programming mode pin functions 


In the programming mode, A12 becomes VSEL, 
A11 becomes Vpp supply, E becomes PE 
(program enable), A10 becomes LAT (latch) 
input, A9 becomes PGM (program) input, and A8 
becomes VFY (verify) input. Latched inputs 
occur on pins 8 through 4 (J, JT, N, and NT 
packages) and on pins 9 through 5 (FN package) 
as A8L through A12L are multiplexed with AO 
through A4 addresses on these pins. 


blank check mode 


The TMS27C49 and the TMS27PC49 use a 
differential memory cell. This means that an 
unprogrammed device has ambiguous states in all 
address locations. Priorto programming, the blank 
check mode is used to verify that both sides of the 
differential cell are erased. The blank check mode 
is defined as PE to Vy; VSEL and PGM 
to VIL(P). In this mode, Vpp selects between 
blank check Os and 1s. VFY acts as an output 
enable (see Figure 1). 


programming mode 


After erasure, logic 1s and Os are programmed into 
the desired locations. Data is presented in parallel 
(eight bits) on pins Q1-Q8. High order addresses 
(A8L-A12L) are latched by pulsing LAT. Once 
addresses and data are stable, PGM 
is pulsed. The programming mode is achieved 
when Vpp = 13.5V, Vcc = 6.0V,PGM = VjL(p), 
VFY = ViH(P), PE = VIL(P) ,and VSEL = VIL(P). 


xas W 


PROGRAMMING AND 
BLANK CHECK MODE 
PIN ASSIGNMENTS 


J, JT, N, AND 
NT PACKAGES 
(TOP VIEW) 


PIN NOMENCLATURE 


AO-A7 
A8L-A12L 
GND 

LAT 

NC 


PE 


E 
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FN PACKAGE 
(TOP VIEW) 


PROGRAM MODE 


Address Inputs 
Latched Address Inputs 
Ground 

Latch Input 

No Connection 
Program Enable 
Program Input 

Data In/Data Out 

5-V Power Supply 
Verify Input 

13.5-V Power Supply 
Verify Select 
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More than one TMS27C49 or TMS27PC49 can be programmed when the devices are connected in parallel. 
Locations can be programmed in any order, but it is recommended that all locations be programmed. The 
length of the programming pulse is 100 us; this pulse is applied X times. After each pulse the byte being 
programmedgd is verified. If it fails verify, another programming pulse is applied up to a maximum X = 25. 
If the part passes verify, the algorithm continues programming the remaining memory locations. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp = 13.5 V. When the 
programming routine is complete, all bits are verified with Vcc = 5.0 V + 10% (see Figure 2). 


program inhibit 
Programming may be inhibited by maintaining a high-level input on the PGM or PE pins. 
program verify 


The TMS27C49 and TMS27PC49 use a differential memory cell for data storage. It is composed of two 
FAMOS transistors. One of the FAMOS transistors in the cell must be programmed for data to be read 
correctly. The condition of both FAMOS transistors in a cell being erased or both being programmed results 
in an undefined condition on the outputs. The TMS27C49 and the TMS27PC49 use a two-pass verify 
to ensure that a reliable data storage margin in the differential memory cell has been achieved without 
the need for an overprogramming pulse. During the program verify mode, the outputs from the differential 
memory cell are intentionally biased, or offset, to insure that:a highly reliable program margin is achieved 
during normal read mode operation. Verify 1s skew the differential memory cell toward zeros and are used 
to check for programmed 1s. Verify Os skew the differential memory cell towards 1s and are used to check 
for programmed Os. Programmed bits may be verified with Vpp = 13.5 V when VFY = ViL(p), PGM = ViH(p), 
and VSEL = VjL(p) (verify Os) or VSEL = Vip (Pp) (verify 1s). 


signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ is forced to Vy. Two identifier bytes are accessed by AO, ie., AO = Vi, accesses 
the manufacturer code; AO = Vip accesses device code. Addresses A1-A4 must be held at Vit. Each 
byte possesses odd parity on bit Q8. The manufacturer code for these devices is 97, and the device 
code is F2. 
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START 


Vcc = 5.0V E = Vy 
A12 = Vip) AS = VILIP) 


M = A(8L-12L) 
SET M = 0 


INCREMENT M 


INCREMENT N 


SELECT BLANK Os 
[(Vpp = ViLip)] 


VERIFY OUTPUTS 
* FOR ALL Os 


SELECT BLANK 1s 
[Vpp = Vin(P)] 


VERIFY OUTPUTS 
FOR ALL 1s 


DEVICE FAILED 


PASS 


<> 


DEVICE PASSED 


FIGURE 1. BLANK CHECK FLOWCHART 
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START 


E=Vup) Voc = 6V 
A1l2 = Vip) Vpp = 13.5 V 


M = A(8L-12L) 
SET M = 


INCREMENT M 


PROGRAM ONE 
100 us PULSE 


Vec = 5V+05V 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 


DEVICE PASSED 


FIGURE 2. PROGRAMMING FLOWCHART 
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logic symbolst 


AO 
Al 
A2 
A3 
ae 
AS 
A6 
A7 
A8 
AQ 
A10 
A11 
A12 
E 


(8) 
(7) 
(6) 
(5) 
(4) 
(3) 
(2) 
(1) 
(23) 
(22) 
(21) 
(19) 
(18) 
(20) 


EPROM 8192 x 8 PROM 8192 
(8) 
0 | ao—— 0 
A1 
no) 
(9) (5) (9) 
Qi A3 Q1 
(10) (4) (10) 
a2 AA a2 
(11) (3) (11) 
03 AS 03 
(13) (2) (13) 
04 AG 04 
(14) (1) (14) 
a5 AT Os 
(15) (23) (15) 
a6 AB a6 
(16) (22) (16) 
(17) 22 AS 797) (17) 27 
as A10 as 
(19) 
A11 
(18) 12 
Al2 50) 
E (PWR DWN) 
eet 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for J, JT, N, and NT packages. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)? 


Supply -veitens rance;-Voe teed Note: Te srs his a hee Cee ts ee eens -0.6 Vto7 V 
Supply voltage range, Vpp (programming mode) ..............00ee eee ee eeee -0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except A9, A11 and Saisie taka fee —0.6 V to 6.5 V 

Be TT en ee eee ee ee -0.6 V to 14 V 
Cust voltmee: renne (nee Nite 1) xe ase hak cee ca case whee -0.6 Vto Vcc + 1V 
Operating free-air temperature range .... 1.2.2.2... ee ee ee eee O°C. to: JOG 
Storage tamperaterd anaes. . 6. NS ee es eee Butyl y lava, —65°C to 150°C 


'Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 


VOTE 1: 


Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


‘27C49-4, '27PC49-4 ‘27C49-45, ‘27PC49-45 
‘27C49-5, ‘27PC49-5 '27C49-55, ‘27PC49-55 


Voc Supply voltage 4.75 WS es a es 
¥ High-level input 2.0 Vect+1 
ns voltage (see Note 2) CMOS Vee~0.2 Vec+1 


High-level input 
Vv Programmin 3 Vect+1 
InP) voltage (see Note 2) 
F Low-level input -0.5 0.8 
IL voltage (see Note 2) CMOS -0.5 GND +0.2 -0.5 
Low-level input 
V Programmin V 
IL(P) voltage (see Note 2) jProeremming | -05 oa | 05 


TA Operating free-air temperature 0 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum is used in this data sheet for logic 
voltage levels only. These are absolute voltages with respect to device ground pin and include overshoot due to system and/or tester 
noise. Do not attempt to test these values without suitable equipment. 


electrical characteristics over full ranges of recommended operating conditions 


Tipp Vp programming current ———S«dL pp = tv SSCSCSC~*dCSCSC‘“‘*‘“~*~*OC*YC mY 


ies Vcc supply current Vcc = 5.5 ve = 
(standby) Vcc = 5.5V,E = Vcc + 0.2V 
Vec = 5.5V,E = Vii, 
lcc2 Vcc-supply current (active) (see Note 3) tcycle = minimum cycle time, 
outputs open 


NOTE 3: Assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, and a toggling between O V to 3 V. Minimum cycle 
time is equal to maximum access time. 


Sanneonce, over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS 
; All inputs except A11 Vj; =OV Pence 
Cj Input capacitance pF 
Pe Nk a omens Vp= OV er wea y 
Vo =0V ig MORREES S 


T Capacitance measurements are made on a sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see Note 3 and Figure 3) 


| '27C49-4, ‘27PC49-4 | ‘'27C49-5, ‘27PC49-5 
PARAMETER ‘27C49-45, '27PC49-45 | '27C49-55, '27PC49-55 | UNIT 


tata) Access time from address Ee ee 
ten(E) _ Enable time from E tes Rope noes 92) SECU 


tdis Disable time from E 


ty(A) Output valid time 


NOTE 3: Assume signal transition of 5 ns or less, timing reference levels of 1.5 V, and a toggling between O V to 3 V. Minimum cycle time 
is equal to maximum access time. 


recommended timing requirements for programming (see Note 4) 


tw(IPGM) !nitial program pulse duration 95 100 105 


tsu(A) Address setup time 
tsu(vPP) Vpp setup time 


i Pete Bo Sy 

Bae eS ae 

i oe eee 

Rain Condntenn TY = ee 

ey ee re 
age See ee 

Tes Bea oe 

oo ok SeeeeGGn 4 

i me ees 

i Ss eS 

i a ees 

a 


1 
Sinsey Daehn ater Ve ee 
ee Vee ee ee 
uve] Velen Pd ee La 
mie Naw a ee 
Vpp Programming voltage 
5.75 6 6.25 


NOTE 4: Ta = 25°C + 5°C. Assume inputs toggling between O V and 3 V with timing reference made at the 10% and 90% levels. 


ADVANCE INFORMATION Med EPROMs/PROMs/EEPROMs 
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recommended timing requirements for blank check 


PARAMETER 
Vy setup time 
Address setup time 
Latch pulse duration 
Address hold time 
Address setup time to Blank Check 


tdis(VFY) | Output disable time from VFY 


blank check cycle timing 


ue Vyt 
| joel twy(L) 
| f= ViL(P) 
= teu(VH) 
foul r* VIH(P) 
f VIL(P) 
—=—- thia) : 
VIH(P 
VILIP) 
>= tsu(ABC) 
ee. VIH(P) 
VFY 
VIL(P) 


| 
tenVFY p> 4 F tdisiVFY) 
| 


VoH 
1 


| VOL 
be—et- tsu(BCVPP) 
VIH(P) 
VIL(P) 


TVy = 12.5V+0.5V 


NOILVINHO4NI JONVAGV - SINOYd33/SINOUd/SINOUdA 
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PARAMETER MEASUREMENT INFORMATION 


2.0V 


.O 
Ri = 1000 
OUTPUT 
UNDER TEST 
r Cy = 30 pF 
FIGURE 3. OUTPUT LOAD CIRCUIT 


read cycle timing 


ADVANCE INFORMATION = EPROMs/PROMs/EEPROMs 


l | 
b> ta(a)-4 eas A 
in | l ViH 
E l ‘ 
| | IL 
i588 7 a 
01-08 HI-Z HI-Z— 
VOL 
4 
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program cycle timing 


SINOYd33/SINOUd/SINOYdS 


r= tsulPE) 
Pet \ | | VIH(P) 
| 
VIL(P) 
b+ tsu(VCC) | 


| 
Vcc | Vcc? 


== tsu(VPP) 


| 
! ViHI(P) 
LAT 
—_—-——— $$ rir 


. VIH(P) 
ADDRESS A8L-A12L XI AO-A7 


‘ | VIL(P). 
Sa? tsuiD); 4 thay 


‘ 1 
thiVSEL) + ~— 


tsu(A) 


——=t thiD) 


i 
V IV 
DATA a" DATA 1H(P)/YOH 
01-08 DATA IN STABLE gu KRY) | OUT 
VALID/ 4X X VALID 
——| | Vit(P)/VOL 
fe 24 


VIH(P) 


Pe SS 
9 Sets ' ty'VSEL) 
—om eae su(VFY) tdis(VFY) —= — 
‘wilPGM)—+=—=4 BE horas ae 

| 1 


VILIP) 


VIH(P) 
VFY i\ | / 
VILIP) 


| 
tsu(VSEL) += ‘| 


| 
VIH(P) 

VSEL | 
ViL(P) 


THigh PE inhibits programming. 
Vcc = 6.0 V and Vpp = 13.5 V. 
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This Data Sheet is Applicable to All 


Organization... 8K x 8 
Single 5-V Power Supply . 


TMS27C64s and TMS27PC64s Symbolized , 
with Code *‘A”’ as Described on Page 12. 


Pin Compatible with Existing 64K MOS 


ROMs, PROMs, and EPROMs 


@ All Inputs/Outputs Fully TTL Compatible 


@ Max Access/Min Cycle Times 


Vcc +5% Vcc +10% 
'27C64-100 

"27C/PC64-120 ‘'27C/PC64-12 
‘27C/PC64-1 ‘27C/PC64-15 
‘27C/PC64-2 ‘27C/PC64-20 
‘27C/PC64 ‘'27C/PC64-25 


@ Power Saving CMOS Technology 


100 ns 
120 ns 
150 ns 
200 ns 
250 ns 


@ Very High-Speed SNAP! Pulse Programming 


or Fast Programming Algorithms 


3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 


with Standard TTL Loads 


@ Latchup Immunity of 250 mA on All 
and Output Lines 


@ Low Power Dissipation (Vcc = 5.25 V) 


— Active. .. 158 mW Worst Case 
— Standby... 1.4 mW Worst Case 
(CMOS Input Levels) 


Input 


@ PEP4 Version Available with 168 Hour 
Burn-in, and also Extended Guaranteed 


Operating Temperature Ranges 


description 


TMS27C64 65,536-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC64 65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 


NOVEMBER 1985—REVISED APRIL 1988 


J & N PACKAGE 
(TOP VIEW) 


EPROMs/PROMs/EEPROMs 


Address Inputs 
Chip Enable Power Down 
Output Enable 

Ground 

No Connection 

Make No External Connection 


Program 

Outputs 

5-V Power Supply 

12-13 V Programming Power Supply 


The TMS27C64 series are 65,536-bit, ultraviolet-light erasable, electrically programmable read-only 


memories. 


The TMS27PC64 series are 65,536-bit, one-time, electrically programmable read-only memories. 


These devices are fabricated using power saving CMOS technology for high-speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without 


external resistors. 


The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C64 and 
the TMS27PC64 are pin compatible with 28-pin 64K MOS ROMs, PROMs, and EPROMs. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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The TMS27C64 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C64 is available with two guaranteed 
temperature ranges of O°C to 70°C and —40°C to 85°C (TMS27C64-_ _JL and TMS27C64-_ _JE, 
respectively). The TMS27C64 is also offered with 168-hour burn-in on both temperature ranges 
(TMS27C64-_ _JL4 and TMS27C64-_ _JE4, respectively). (See table below). 


The TMS27PC64 PROM is offered in a dual-in-line plastic package (N suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27PC64 is guaranteed for operation from 
0°C to.70°C. 


All package styles conform to JEDEC standards. 


SUFFIX FOR OPERATING SUFFIX FOR PEP4 
TEMPERATURE RANGES 168 HR. BURN-IN 
WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 


0°C to 70°C | —40°C to 85°C 0°C to 70°C | —40°C to 85°C 


These EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 12-13 V supply is needed for programming. All programming 
signals are TTL level. These devices are programmable by either Fast or SNAP! Pulse programming 
algorithms. Fast programming uses a Vpp of 12.5 V and a Vcc of 6.0 V for a nominal programming time 
of two minutes. SNAP! Pulse programming uses a Vpp of 13.0 V and a Vcc of 6.5 V for a nominal 
programming time of one second. For programming outside the system, existing EPROM programmers 
can be used. Locations may be programmed singly, in blocks, or at random. 


operation 


There are seven modes of operation listed in the following table. Read mode requires a single 5-V supply. 
All inputs are TTL level except for Vpp during programming (12.5 V for Fast, or 13.0 V for SNAP! Pulse) 
and 12 V on AQ for signature mode. 
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Output Program Signature 
Read Standb Pr 
Ee Disable Inhibit 


n 
oe 
2) 
c 
a. 
LL 
a 

oH 
= 
© 
Cc 
Bu 

DH 
= 
oe) 
c 
o. 
Lid 


TX Can be Vi, or Vip. 
IV = 12V 40.5 V. 


read/output disable 


When the outputs of two or more TMS27C64s or TMS27PC64s are connected in parallel on the same 
bus, the output of any particular device in the circuit can be read with no interference from the competing 
outputs of the other devices. To read the output of a single device, a low-level signal is applied to the 
E and G pins. All other devices in the circuit should have their outputs disabled by applying a high-level 
signal to one of these pins. Output data is accessed at pins Q1 through QO8. 


latchup immunity 


Latchup immunity on the TMS27C64 and TMS27PC64 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the 
devices are interfaced to industry-standard TTL or MOS logic devices. Input/output layout approach controls 
latchup without compromising performance or packing density. 


For more information see application report SMLAOO1; “Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family,’’ available through TI Field Sales Offices. 


power down 


Active ICc current can be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 pA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure (TMS27C64) 


Before programming, the TMS27C64 EPROM is erased by exposing the chip through the transparent lid 
to high intensity ultraviolet light (wavelength 2537 angstroms). EPROM erasure before programming is 
necessary to assure that all bits are in the logic 1 (high) state. Logic Os are programmed into the desired 
locations. A programmed logic O can be erased only by ultraviolet light. The recommended minimum 
ultraviolet light exposure dose (UV intensity x exposure time) is 15 watt-seconds per square centimeter. 


i 
TEXAS 4 6-57 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS27C64 65,536-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC64 65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 


SINOYd33/SINOYd/SINOYdS3 


A typical 12-milliwatt-per-square-centimeter, filterless UV lamp will erase the device in 21 minutes. The 
lamp should be located about 2.5 centimeters above the chip during erasure. It should be noted that normal 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS27C64, the 
window should be covered with an opaque label. 


initializing (TMS27PC64) 


The one-time programmable TMS27PC64 PROM is provided with all bits in the logic 1 state, then logic 
Os are programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 


SNAP! Pulse programming 


The 64K EPROM and PROM can be programmed using the Tl SNAP! Pulse programming algorithm illustrated 
by the flowchart of Figure 1, which can reduce programming time to a nominal of one second. Actual 
programming time will vary as a function of the programmer used. 


Data is presented in parallel (eight bits) on pins Q1 through Q8. Once addresses and data are stable, PGM 
is pulsed. 


The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (ys) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 
100 us pulses per byte are provided before a failure is recognized. 


The programming mode is achieved when Vpp = 13.0 V, Vcc = 6.5 V, G = ViH, and E = VIL- 
More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified 
with Vcc = Vpp = 5 V. 


Fast programming 


The 64K EPROM and PROM can be programmed using the Fast programming algorithm illustrated by the 
flowchart in Figure 2. During Fast programming, data is presented in parallel (eight bits) on pins Q1 through 
Q8. Once addresses and data are stable, PGM is pulsed. The programming mode is achieved when 
Vpp = 12.5 V, Vcc = 6.0 V, G = Vjp, and E =Vj_. More than one device can be programmed when 
the devices are connected in parallel. Locations can be programmed in any order. 


Fast programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse 
is 1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp =12.5 V. When the 
full Fast programming routine is complete, all bits are verified with VCC =Vpp =5 V. 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E or PGM pin. 

program verify 

Programmed bits may be verified with Vpp = 12.5 V whenG = Vj, E = Vit, and PGM = Vjp. 
signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO; i.e., 
AO = VijL accesses the manufacturer code, which is output on Q1-Q8; AO = Vip accesses the device 
code, which is output on Q1-Q8. All other addresses must be held at Vi_. Each byte possesses odd parity 
on bit Q8. The manufacturer code for these devices is 97, and the device code is 07. 
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START 
ADDRESS = FIRST LOCATION 
Vec = 6.5 V + 0.25 V, Vpp = 13 V + 0.25 V 


PROGRAM ONE PULSE = ty = 100 us INCREMENT ADDRESS jean 
ae 
ADDRESS? 
PROGRAM ONE PULSE = ty = 100 us 
MODE 

VERIFY 

X= X+1 
lanes x= xX + 1 


DEVICE FAILED 


COMPARE 
ALL BYTES FINAL 
VERIFICATION 


PASS 
DEVICE PASSED 


FIGURE 1. SNAP! PULSE PROGRAMMING FLOWCHART 


> EPROMs/PROMs/EEPROMs 


INCREMENT 
ADDRESS 


LAST 
ADDRESS? 


YES 


Vcc = Vpp = 5.0V+0.5V 


xas 0s 
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START 


ADDRESS = 
FIRST LOCATION 


PROGRAM ONE 
1 ms PULSE 


INCREMENT X 


NO 


YES VERIFY 


ONE BYTE 


PROGRAM ON 
PULSE OF 
3X_ms DURATION 


DEVICE 
FAILED 


INCREMENT 
ADDRESS 


ALL BYTES TO 
ORIGINAL 
DATA 


PASS 
DEVICE 
PASSED 


FIGURE 2. FAST RROGRAMMING FLOWCHART 
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logic symbolst 


EPROM 8192 x 8 


PROM 8192 x 8 


ao 110) ao £10) 
ai—2 peri! 
rem aoe! 
eke oe Aw TE peda eg a AN TET a1 
AS 0 AY a2 AS AY sel 03 
(4) ipo (13) (4) (13) 
AG AY a3 AG AY a3 
(3) 8191 (15) (3) (15) 
A7 AV Q4 A7 AVY Q4 
(25) (16) (25 (16) 
A8 AVY Q5 A8 AVY a5 
(24) (17) (24) (17) 
AQ AY a6 AS AV a6 
(21) (18) (21) (18) 
A10 (23) AV (19) Q7 A10 (23) AV (19) Q7 
A11 AV as A11 AV as 
(2) (2) 
A12 70) 12 A12~55) 
E PWR DWN E 
mae sae 


a -EPROMs/PROMs/EEPROMs 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
J and N packages illustrated. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) + 


Supply voltage range, Ver (sen Note 1)..2-5c, wigik ee Gee bs Te we hee woe es -0.6 Vto7V 
SupDy, Voltage. Tange; VPpp (see Note. 1) i335 es eee Tc a ee le ae ee ws —0.6 Vto 14 V 
Input voltage range (see Note 1): All inputs except AQ .................00-. -0.6 V to 6.5 V 

SS a ee ee ee ee -0.6 V to 13.5 V 
Output. voltage range: (see-Note-1) 66s ese ier ey © ie eet -0.6 VtoVcc + 1V 
Operating free-air temperature range (‘27C64-__JL and JL4; ‘27PC64-__NL) ........ OFC to 70°C 
Operating free-air temperature range ('27C64-_ _JE and JE4) ................. —40°C to 85°C 
StEGGG TOMMBFOTUIO TONG oo 8 ican): ak Be cgeye 0a eae va Wesabe, & anniaonceansni niece -65°C to 150°C 


+Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


‘27C64-100 


‘27C/PC64-120 ‘27C/PC64-12 
*27C/PC64-1 ‘27C/PC64-15 
*27C/PC64-2 *27C/PC64-20 


‘27C/PC64 ‘27C/PC64-25 

Read mode (see Note 2) 4.75 5 6269) 48 ee BS ev | 

Fast programming algorithm 5.75 6 6.25 5.75 6 6.25 

SNAP! Pulse programming algorithm | 6.25 6.50 6.75 6.25 6.5 6.765 

Read mode (see Note 3) Vcc -0.6 Vec+0.6 | Vcc -0.6 Vcc +0.6 

SNAP! Pulse programming algorithm | 12.75 13 13 ; 

ViH High-level input voltage Z Yeo +9 ss vce? 
CMOS Vcc -0.2 Vect+1 | Vcec-0.2 Vect+1 

Vit Low-level input voltage —0.5 0.8 —0.5 0.8 
CMOS Peon. Seah eter | 

Ta Operating free-air temperature (see table, page 2) (see table, page 2) 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

a 2 28k 

Vec-0.1 
VoL Low-level output voltage 
Input current (leakage) 
Output current (leakage) 
IPP2 Vpp supply current (during program pulse) 
Vec supply current 
" (standby) CMOS-input level 


Vcc = 5.5 V,E = Vit, 
lcc2 Vcc supply current (active) teycle = minimum cycle time, 
: outputs open 


Tt Typical values are at Ta = 25°C and nominal voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, 


f = 1 MHzt 
PARAMETER TEST CONDITIONS MIN TYPTt MAX UNIT 


Cj Input capacitance Vv OV, f = 1 MHz ee Bias ee 


| = 
Co Output capacitance Vo = OV, f = 1 MHz Rea ee’ Gees 


T Typical values are at Ta = 25°C and nominal voltages. 
+Capacitance measurements are made on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions reer Notes 4 and 5) 


mirran, | 7" [Rema na 
PARAMETER (SEE NOTES 4 AND 5) oars foe 


ta(A) Access time from address 
ta(E) Access time from chip enable 


ten(G) Output enable time from G Cy = 100 pF, 6 [on 
: ‘Output disable time from G or | 1 Series 74 TTL Load, 
di a 

o E, whichever occurs first? Input tp =20 ns, 


Output data valid time after Input tf =20 ns 


ty(A) change of address, E, or 
G, whichever occurs first? 


PARAMETER 


ta(A) Access time from address 
ta(E) Access time from chip enable 
ten(G) Output enable time from G 


Output disable time from G or 


‘27C/PC64-2 ‘27C/PC64 
*27C/PC64-20 ee PC64-25 | UNIT 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


EPROMs/PROMs/EEPROMs 


Ci = 100 pF, 
1 Series 74 TTL Load, 
Input tr <20 ns, 


tdis es 
E, whichever occurs first? 


Input te <20 ns 


Output data valid time after 
ty(A) change of address, E, or 
G, whichever occurs firstt 


TValue calculated from 0.5 V delta to measured level. This parameter is only sampled and not 100% tested. 


switching characteristics for programming: Vcc = 6 V and Vpp = 12.5 V (Fast) or Vcc = 6.50 V 
and Vpp = 13.0 V (SNAP! Pulse), TA = 25°C (see Note 4) 


PARAMETER 
tdis(G) | Output disable time from G 


ten(G) | Output enable time from G 


NOTES: 4. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for 
logic 1 and 0.8 V for logic O. (Reference page 10.) 
5. Common test conditions apply for tgj, except during programming. 
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recommended timing requirements for programming: Vcc = 6 V and Vpp = 12.5 V (Fast) or 
Vcc = 6.5 V and Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C (see Note 4) 


tw(IPGM) _ !nitial program pulse duration 


twiFPGM) _ Final pulse duration 
tsu(A) Address setup time 


E setup time 


G setup time 
Data setup time 
tsu(VPP) Vpp setup time 


tsu(vCC) Vcc setup time 
th(A) Address hold time 


th(D) Data hold time 


NOTE 4: For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 and 
0.8 V for logic O (reference below). 


PARAMETER MEASUREMENT INFORMATION 
2.08 V 
Ry = 800 0 


OUTPUT 
UNDER TEST 


T Cy. = 100 pF 


FIGURE 3. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 
2.4V 


0.40 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O for both outputs. 
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ead cycle timing 


. ViH 
A0-A12 ADDRESSES VALID 


E 7 : ViH 
| {= tae) | 3 iL 
G | : IH 
| ee VIL 

fe tenia) | . e ™ tdis 

DRRMEREE Rr sete on tvial—fo— | 

Q1-08 HI-Z LL LL L/ outpuT + r\ * me VOH 
re re 


- EPROMs/PROMs/EEPROMs 


rogram cycle timing 


/<-—— VERIFY ——™ 
| 


OGRA 


A0-A12 ADDRESS STABLE 


teu 


Q1-08 I DATA IN STABLE I 
ke—tsu(D)—o™ | 
seca! 
| | tdis(G) vee 
ae ewe 
V | | V 
leg—tsu(\VPP)—a oae ce 
| | Al 
| wae 
cc 
ee: | | | we 
| 7 | | per. | Vcc 
et-tsu( VCC) : | : : | 
| 
; | | | = vin 
E | | ee 
ViL 
me— teu(E}—™ | ‘eee 
| th (1D) —jas-—tel | | | 
| a4 a 
PGM —a—eytsulG) || 
. IL 
tw(IPGM)—ke—oo | ee 
tw(FPGM)—la—ol | xt——#-tenig)t 
! | Vi 
G 
ViL 
Ttgis(G) and ten(G) are characteristics of the device but must be accommodated by the programmer. 
412.5 V Vpp and 6.0 V Vcc for Fast programming; ‘13.0 V Vpp and 6.5 V Vcc for SNAP! Pulse programming. 
U 
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device symbolization 


This data sheet is applicable to all Tl TMS27C64 CMOS EPROMs and TMS27PC64 PROMs with the dats 
sheet revision code *‘A’’ as shown below. 


DATA SHEET REVISION CODE 
FRONT END CODE 

DIE REVISION CODE 
BACK END CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 


SINOYd33/SINOUd/SINOUd3 


4s 
6-66 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS27C64 65,536-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC64 65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 


Icc2—Active Supply Current icc 1—Standby Supply Current 


Ta—Access Time 


(Normalized) 


(Normalized) 


(Normalized) 


TYPICAL TMS27C/PC64 CHARACTERISTICS 


STANDBY SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


Ta—Free-Air Temperature — °C 


ACTIVE SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


0.50 
-75 -50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature — °C 


ACCESS TIME 
vs 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— °C 


lcc2—Active Supply Current lcc1—Standby Supply Current 


Ta—Access Time 


(Normalized) 


(Normalized) 


(Normalized) 


STANDBY SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


0.50 
4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc—Supply Voltage—V 


ACTIVE SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


- EPROMs/PROMs/EEPROMs 


4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc—Supply Voltage—V 


ACCESS TIME 
vs 
SUPPLY VOLTAGE 


1.00 


0.75 


0.50 
4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc—Supply Voltage—V 
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desc 


TMS28C64 
65,536-BIT ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


JUNE 1988 


Organization 8K x 8 N AND J PACKAGES 
(TOP VIEW 
Single 5-V Power Supply (+ 10%) 


Compatible with Existing 64K MOS 
EPROMs, PROMs, ROMs, and EEPROMs 


JEDEC Standard Pinout 
All Inputs/Outputs TTL Compatible 


Max Access/Min Cycle Times 
TMS28C64-25 250 ns 
TMS28C64-35 350ns 


2-u4 CMOS Silicon Gate Technology 


Single Byte and Page (32 Bytes) Write: 
—Latched Address and Data 
— Self-Timed Programming 
Operation (10 ms Typical) 
—Data Polling and Ready/Busy Verifications 


Fast Read Mode Operation: 
—Byte Mode (250 ns Typical Access Time) ; pereenee 
—Word Mode (350 ns Typical Access Time) Chip Enable 
Output Enable 
10,000 Cycles Endurance Write Enable 
Inadvertent Write Protection Inputs/Outputs 
Ready/Busy Output 
Low Power Dissipation: 5-V Power Supply 
—Active .. . 110 mW Worst Case Groond 
—Standby ... 17 mW Worst Case No Gonndetian 
Operating Free-Air Temperature 0°C to 
70°C 
ripton 


The TMS28C64 is a 65,536-bit, electrically erasable programmable read only memory. This device is 
fabricated using 2-1 CMOS twin-well silicon gate flotox technology for high reliability and very low power 
dissipation. All inputs can be driven by Series 74 TTL circuits without the use of external resistors. The 
data I/O are three-state for connecting multiple devices to a common bus. 


The TMS28C64 EEPROM is offered in a dual-in-line ceramic package (J suffix) and a dual-in-line plastic 
package (N suffix) designed for insertion in mounting hole rows on 15,2-mm (600-mil) centers. The 
TMS28C64 EEPROM is guaranteed for operation from O°C to 70°C (L suffix). 


The TMS28C64 is organized as 8K x 8 bits. It features internal circuitry to minimize external hardware 
interface (single 5-V power supply, internal latch of address and data buses during write operation, data 
polling and ready/busy pin signaling end-of-write). 


The device performs the programming operation automatically and can write a single byte or any number 
of bytes between 1 and 32 (page mode), which the user is able to load within a time window of 200 us 
from the moment the write operation is enabled. 


During a programming operation, the data polling and the ready/busy functions are enabled to notify the 
memory to ignore any command until the operation is completed. 


The device has power-up/power-down protection to prevent inadvertent write operations. 


ADVANCE INFORMATION documents contain Copyright © 1988, Texas Instruments Incorporated 
sibaine 8 eh new ess blll in the Boum evn Bo§ TE 

preproduction phase of development. Characteristic XAS 

data and other specifications are subject to chan 

without notice. sibs nse 
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65,536-BIT ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


All the mode functions and the electrical conditions to access them are listed in the following table. 


OUTPUT 
(PINS) AND 
DISABLE 


WRITE INHIBIT 


= Don’t care for V<Vcc 


operation 


read/output disable 


When the outputs of two or more TMS28C64s are connected in parallel on the same bus, the output of 
any particular device in the circuit can be read with no interference from the competing outputs of the 
other devices. 


To read the output of the TMS28C64, a low-level signal is applied to the E and G pins. All other devices 
in the circuit should have their outputs disabled by applying a high-level signal to one of these pins. Output 
data is accessed at pins DOO to DQ7. 


In word read-mode (where the word is defined as two bytes whose address is different only for AQ) it 
is possible to read the second word byte much faster (100 ns) than the first one (250 ns). 


latchup immunity 


Latchup immunity on the TMS28C64 is a minimum of 250 mA on all inputs and outputs. This feature 
provides latchup immunity beyond any potential transients at the P.C. board level when the devices are 
interfaced to industry-standard TTL or MOS logic devices. Input/output layout approach controls latchup 
without compromising performance or packing density. 


power down 


Active Icc current can be reduced from 10 mA to 1.5 mA typical by applying a high TTL signal to the E 
pin. In this mode all outputs are in the high-impedance state. 


write 


Single byte write initiates with a W low and G high applied to a selected device. This performs the writing, 
at the location selected by address pins, of the data present at the |/O pins. 


Addresses are latched on the last falling edge of E or W, while data is latched on the first rising edge 
of E or W. 


Single byte write cycle is completed in 10 ms typical. 


4s 
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automatic page write 


The TMS28C64 performs the write operation automatically, and 1 to 32 bytes of data can be written 
into the EEPROM in a single write cycle (10 ms typical). 


Following a byte write signal, an internal window is open. While this window is open, the user is allowed 
to send up to 31 further bytes, each one of them by a new byte write signal. 


After 200 us the part will perform the simultaneous writing of all the addressed bytes. 
Total time for the entire array writing (256 pages) is 2.56 seconds typical. 


During the page mode, the addresses A5 through A12 must be the same as the first byte. The bytes may 
be written in any order. 
data polling 


The TMS28C64 provides a software means (data polling) to signal that the device is performing a write 
operation. During the write cycle, after an attempt to read any byte, the device answers with the last 
received byte, except for DQ7, whose logical value is inverted. 


ready/busy 


The TMS28C64 also provides the possibility of signaling if the device is performing a byte or a page write 
cycle by the ready/busy output (low during the write cycle). Ready/busy is an open-drain output with a 
10 kQ“. external resistor to VCC. 


- inadvertent write operation protection 


The device is protected against write command during power-up for 25 us typical after VCC reaches 
4 volts. At the end of this interval, the signals at input pins, E, G, and W must be stable to avoid inadvertent 
write operation. 
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logic symbolt 


A0 9) 
Al 
(8) 
A2 
A3 (7) 
A4 (6) 
as 2 
(4) 
ey (3) 
. (25) 
(24) 
AQ 
(21) 
A10 
an —22) 
(2) 
A12 
E 20) J) G1 
— (27) 
Ww 1,2 EN (READ) 
Lea} 103 (WRITE) |_| R/B(1) 
DQO (11) A3D Az4 
v4 
par —12) 
(13) 


eens ee 
< Be papers 
et 
(18) 


tThis symbol is in accordance with ANSI/IEEE Std 91-1985 and IEC Publication 617-12. 


functional block diagram AO 
COLUMN DECODER 

Ad 
Al 
A2 
aa Bree aoe 
Aa Saas sie 
A 
pe app [| _- ROW patel =—-| v0 pas 
ie LATCH [ ~—~—~—~-~* | DECODER ARRAY es BUFFERS pas 
Ag penne ati Ce eaten pte 

| ns oe eet pas 
| per eee oo a7 
ee PWC Ere 
es Bua eGR 
A12 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)? 


Supply voltage range, VCG (S@@*NOte: 1) os sie ie eer ee eee eines ts Sw tO? 
lGnut Vonage Tanase sen MOT. F) 5 45 Acco els so re AK ap be ie ea -0.6V to 6.5 V 
Outout voltage range (see Note 1). 600. ee ee Ee ee es -0.6 Vto Vcc + 0.6 V 
Operating free-air temperatiire rangers @ - 6 ee ne oe i eh Ne ew hae we OfC to 70°S 
mLorane. temperate tanga i ey oe rng cee sd ee eee eo ae -~65°C to 125°C 


TStresses beyond those listed under ‘‘absolute maximum ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘recommended operating 
conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to Vss_ 


recommended operating conditions 


ee gs et es aot ae Oe NOR a 
SI = BD VOIR S os SS Se Be aa ee oe ee ee ee a eed 
aE Bod Paes SESS 

Pao ie 


“08 os | Vv 
| tc(RD) Readcycletime $e tables, pages 6 and 7) | ns _| 


electrical characteristics over full range of operating conditions 


TEST CONDITIONS MIN MAX 
I 
io : = 


Input current (leakage) Vi = OVto 5.5 V 
Output current (leakage) (including R/B) Vo = 0.1 V to Vcc 


icc1___ Voc supply current (standby Veo =5.5V.E = Vin 
V average supply current t = min. cycle 
‘lec2 CC 9 pply cycle y 20 sr 
(active read) outputs open 
Vcc average supply current 
| t = 15 ms mA 
CC3 (active write) cycle 


+Typical values are Ta = 25°C and nominal voltage. 


Capacitance over recommended supply voltage range and operating free-air temperature range, 


f = 1 MHz8 | 
PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
Ci Input capacitance Vi GN. fe Pee po ea ee ea 
Co Output capacitance Mie OY, ft se Ae Spe eB ea ee 


tTypical values are at Ta = 25°C and nominal voltage. 
8 Capacitance measurements are made on sample basis only. 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


R, = 8000 
OUTPUT 
UNDER TEST 
: is 


Lt = 100 pF 


FIGURE 1. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


2.4V 


0.40 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for both inputs and outputs. 


read cycle (byte mode) 


PARAMETER 


tciAD) Read cyole time Recess 
tale) Chip enable access time CaaS 
fala) Address access time cee eS 
ta(G) Output enable access time Pct tk a 


TMS28C64-25 TMS28C64-35 


tz Chip enable to output enable 
thz Chip disable to output disable 


tolz Output enable time from G 


tohz Output disable time from G 100 ipuidetiy aes Bagong 
toh Output hold from AO-A12 address change —<| ——=~=S~—iSSC=~iSC“‘(S(S;SCC(COWOC‘*#*’ 
toh2 Output hold from AO address change Po me te ae ge 


NOTE 2: For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic ‘ 
and 0.8 V for logic O (reference above). 
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ead cycle (word mode) 


PARAMETER 
tc(RD) Read cycle time 1st byte 
te2(RD) Read cycle time 2nd byte 
ta(E) Chip enable access time 
ta(A) Address access time 1st byte 
ta2(A _ AO access time 2nd byte 
ta(G) Output enable access time 
tz Chip enable to output enable 
thz Chip disable to output disable 
tolz Output enable time from G 
tohz Output disable time from G 
toh1 Output hold from AO-A12 address change 
toh2 Output hold from AO address change 
toh3 Output hold from A1-A12 address change 


TMS28C64-25 TMS28C64-35 


UNIT 


125 


125 


N 
2) 
oO 


— 

2) 

°o 
oi oa 


IOTE 2: For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 


and 0.8 V for logic O (reference page 6). 


yyte and word read mode (AO change hold time) 


Ree ON aa EOE: + 2180) —a 


er ae 


DATA HIGH Z 
OUT 


Texas 


! A 
+, 
DATAVALID IRON 
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byte and word read mode (A1-A12 change hold time) 


feet tn —— ee 


| | te(RD) ——> 


DATA VALID 
| | | 
le——ta(ay——p] Je ——— ta21a) ——>| le-thz-» 


byte write cycle 


TMS28C64-25 TMS28C64-35 
PARAMETER MIN NOM MAX | _MIN NOM MAX | UNIT 


tch 
tow 


i Bee. NER, 
Ab oe ee 
i a ee 
Rhee es Na ala ee Oe re 
[tew Chip enable to end of write input ———~—S«d~=O~S~SC~C~*~«S OO 
[toes Output enable setuptime __——=S=SC~C~idCSCiOCSC~C~C~*~*~C*S 
[tosh Output enable hold me __——SCS—SC~CSCS| St SSCSCSCSCSC~S 
| twpt___ Write pulse duration = | O80 
A eae Se ae 
Pay) CU ag ee 
a ems i ee 
Es RS: A TS LS IRSTEA se 
er 


tdrb Ready/Busy delay time 


TW is noise protected. Glitches will not activate a write cycle. 
NOTE 2: For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 
and 0.8 V for logic O (reference page 6). 
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E controlled byte write cycle 


ADDRESS Ne x Wy YY 


DATA OUT 


DATA IN 


QO 


je tdrb->| 
W controlled byte write cycle 
fy Rn 
le—tas—pe— tah_— | 


VYVY XX YY 
ADDRESS aps ee XX ua RY sai 


FEES | 


7) ee 
DATA OUT 


nection S 
oe Pt oa 
}e—tdv ond | 
+m $C ou eral 
| | 


| le—— tds —pie- tah} | 
| 
| 


be—— tdrb-——> 
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page mode write 


PARAMETER 


[MIN NOM MAX | 
a wieememe 
CY a ERIC 
Pe CT ce eee ee 
tg 7 Oma aetun timer a OO ey 
ctl leer os a eer mre 
E160" BO 
Game anna isn 
eee 
as ee 


TMS28C64-25 TMS28C64-35 


NOTE 2: For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 
and 0.8 V for logic O (reference page 6). 


L-, bay 
88 
| 


ee 


igs Sage 
ADDRESS VALID 
(A4-A0) — — 


IBYTEO BYTE 1 BYTE 2 BYTE3 BYTE4 BYTE 5-BYTE 30 BYTE 31 l 
1 
ere tplw—_________________________» 


| 
{| | 
2 RP RRR EAE RUPEES i PERSE TESTES IE EE CN ER 
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OCTOBER 1984 — REVISED MAY 1988 


J AND N PACKAGES 
(TOP VIEW) 


This Data Sheet is Applicable to All 
7TMS27C128s and TMS27PC1 28s Symbolized | 
with Code “‘A’’ as Described on Page 11. — 


@ Organization... 16K x 8 
@ Single 5-V Power Supply 


Pin Compatible with Existing 128K MOS 
ROMs, PROMs, and EPROMs 


@ All inputs/Outputs Fully TTL Compatible 


@ Max Access/Min Cycle Times 
Vcc +5% Vcc +10% 


*270128-100 100 ns 
*270128-120 '270128-12 120 ns 
‘27C/PC128-1 ‘27C/PC128-15 150ns 
‘27C/PC128-2 ‘27C/PC128-20 200ns 


"27C/PC128 ‘27C/PC128-25 250ns FM PACKAGE 
(TOP VIEW) 


@ Power Saving CMOS Technology 


@ Very High-Speed SNAP! Pulse Programming 
or Fast Programming Algorithms 


@ 3-State Output Buffers 


@ 400 mV Guaranteed DC Noise Immunity with 
Standard TTL Loads 


@ Latchup Immunity of 250 mA on All Input and 
Output Lines 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active... 158 mW Worst Case 
— Standby... 1.4 mW Worst Case 
(CMOS Input Levels) 


@ PEP4 Version Available with 168 Hour Burn- 
in, and also Guaranteed Operating 
Temperature Ranges 


@® 128K EPROM Available with MIL-STD-883C 


Class B High Retiebiity Processing 


(SMJ27C128) AO-A13 Address Inputs 


1415 16 17 18 19 20 


NO NDTN © 
99 Y29000 
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Chip Enable/Power Down 
description Output Enable 
; : Ground 
The TMS27C128 series are 131,072-bit, 
: 2 : No Connection 
ultraviolet-light | erasable, electrically 
. Make No External Connection 
programmable read-only memories. 
Program 
The TMS27PC128 series are 131, 072-bit, one- Outputs 
time, electrically programmable read-only 5-V Power Supply 
memories. 12-13 V Programming Power Supply 


These devices are fabricated using power-saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. Allinputs 


PRODUCTION DATA documents contain information - Copyright © 1984, Texas Instruments Incorporated 
current as of publication date. Products conform to 43 
specifications per the terms of Texas Instruments 6-79 


standard warranty. Production processing does not IN mals. MENTS 


necessarily include testing of all parameters. 
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(including program datainputs) canbe drivenby Series 74 TTL circuits without the use of external pull-up resistors. 
Each output can drive one Series 74 TTL circuit without external resistors. 


The data outputs are three-state for connecting multiple devices to acommon bus. The TMS27C1 28 and the 
TMS27PC1 28 are pin compatible with 28-pin 128K MOS ROMs, PROMs, and EPROMs. 


The TMS27C128 EPROM is offeredin a dual-in-line ceramic package (J suffix) designed for insertionin mounting 
hole rows on 15,2-mm (600-mil) centers andis rated for operation from0O °C to 70 °C. The TMS27C1 28is also 
offered with two guaranteed temperature ranges of 0°C to 70°C and — 40°C to 85 °C (TMS27C128-_ _ JL 
and TMS27C128-_ _ JE, respectively). The TMS27C128 is also offered with 168 hour burn-in on both 
temperature ranges (TMS27C128-_ _ JL4 and TMS27C128-_ _ JE4, respectively). (See table below.) 


The TMS27PC128 PROMis offeredin a dual-in-line plastic package (N suffix) designed forinsertionin mounting 
hole rows on 15,2-mm (600-mil) centers. The TMS27PC1 28 is also supplied in a 32-lead plastic leaded chip 
carrier package using 1,25-mm (50-mil) lead spacing (FM suffix). The TMS27PC1 28 is guaranteed for operation 
from 0°C to 70°C. 


All package styles conform to JEDEC standards. 


SUFFIX FOR OPERATING SUFFIX FOR PEP4 
TEMPERATURE RANGES 168 HR. BURN-IN 
WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 
[erero70%6 
Se Ser ON I Sa Ge Sek aca a 


These EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use in 
microprocessor-based systems. One other 12-13 V supply is needed for programming. All programming signals 
are TTL level. These devices are programmable by either Fast or SNAP! Pulse programming algorithms. Fast 
programming uses a Vppof 12.5V anda Vcc of 6.0 V for anominal programming time of two minutes. SNAP! 
Pulse programming uses a Vppof 13.0 V anda Vcc of 6.5 V for anominal programming time of two seconds. 
For programming outside the system, existing EPROM programmers can be used. Locations may be programmed 
singly, in blocks, or at random. 


operation 


There are seven modes of operation listed in the following table. Read mode requires a single 5-V supply. Allinputs 
are TTL level except for Vpp during programming (12.5 V for Fast or 13.0 V for SNAP! Pulse) and 12 V on AQ 
for signature mode. 


Output 


i 


TX Can be Vjq_ or Vip. 


Vy = 12V+0.5V. 
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read/output disable 


When the outputs of two or more TMS27C1 28s or TMS27PC1 28s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and 
G pins. All other devices in the circuit should have their outputs disabled by applying a high- 
level signal to one of these pins. Output data is accessed at pins Q1 through O8. 


latchup immunity 


Latchup immunity on the TMS27C128 and TMS27PC1 28 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchupimmunity beyond any potential transients atthe P.C. boardlevel when thedevices 
are interfaced to industry-standard TTL or MOS logic devices. Input/output layout approach controls latchup 
without compromising performance or packing density. 


For more information see application report SMLAOO1; ““Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family, ’’ available through TI Field Sales Offices. 


power down 


Active |Cc current can be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 nA (CMOS-level inputs) by 
applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure (TMS27C128) 


Before programming, the TMS27C128 EPROM is erased by exposing the chip through the transparentlid to high 
intensity ultraviolet light (wavelength 2537 angstroms). EPROM erasure before programming is necessary to 
assure thatall bits areinthelogic 1 (high) state. Logic Os are programmedinto the desired locations. Aprogrammed 
logic O can be erased only by ultraviolet light. The recommended minimum ultraviolet light exposure dose (UV 
intensity x exposure time) is 15 watt-seconds per square centimeter. A typical 12-milliwatt-per-square- 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. It should be noted that normal ambient light contains the correct 
wavelength for erasure. Therefore, whenusing the TMS27C 1 28, the window should be covered with an opaque 
label. 


initializing (TMS27PC128) 


The one-time programmable TMS27PC1 28 PROM is provided with all bits in the logic 1 state, then logic Os are 
programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 


SNAP! Pulse programming 


The 128K EPROM and PROM canbe programmedusing the TI SNAP! Pulse programming algorithm illustrated 
by the flowchart in Figure 1, which can reduce programming time to a nominal of two seconds. Actual 
programming time will vary as a function of the programmer used. 


Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses and data are stable, PGM is pulsed. 


The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (ys) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 
(ten) 100-us pulses per byte are provided before a failure is recognized. 


The programming mode is achieved when Vpp = 13.0 V, Vcc = 6.5 V, G = Vjp, and E = Vj. More 
than one device canbe programmed when the devices areconnected in parallel. Locations can be programmed 
in any order. When the SNAP! Pulse programming routine is complete, all bits are verified with 
Vcc = Vpp = 5V. 


¥i 
EXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


- EPROMs/PROMs/EEPROMs 


6-81 


TMS27C€128 131,072-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC128 131,072-BIT PROGRAMMABLE READ-ONLY MEMORY 


SINOWd33/SINOUd/SINOdS 


Fast programming 


The 128K EPROM and PROM can be programmed using the Fast programming algorithm illustrated by the 
flowchartin Figure 2. During Fast programming, datais presented in parallel (eight bits) onpins Q1 throughQ8. 
Once addresses and data are stable, PGM is pulsed. The programming mode is achieved when 
Vpp = 12.5V,Vcc =6.0V, G = Vip, andE = Vi_L. More than one device can be programmed when the devices 
are connected in parallel. Locations can be programmed in any order. 


Fast programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 1 
millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. If the 
correct datais read, the Final programming pulse is applied; if correct datais notread, anadditional 1 millisecond 
pulse is applied up to amaximum X of 25. The Final programming pulse is 3X long. This sequence of programming 
and verification is performed at Vcc = 6.0 V and Vpp = 12.5 V. When the full Fast programming routine is 
complete, all bits are verified with Vcc = Vpp = 5V. 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E or PGM pin. 

program verify 

Programmed bits may be verified with Vpp = 12.5 V whenG = VIL, E= Vit, and PGM = VIH.- 
signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 10); i.e., 
AO = Vi. accesses the manufacturer code, which is output on Q1-Q8; AO = Vip accesses the device code, 
which is output on Q1-Q8. All other addresses must be held at Vj. Each byte possesses odd parity on bit O08. 
The manufacturer code for these devices is 97, and the device code is 83. 
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START 
ADDRESS = FIRST LOCATION 
Vcc = 6.5 V + 0.25 V, Vpp = 13 V + 0.25 V 


PROGRAM ONE PULSE = tw 100 us INCREMENT ADDRESS Sc 
i ee 
ADDRESS? 


ADDRESS = FIRST LOCATION 


PROGRAM ONE PULSE = ty = 100 us 
MODE 
VERIFY 
X=X+1 
riser X= X41 


LAST 
ADDRESS? 


INCREMENT 
ADDRESS 


YES 


Vcc = Vpp = 5.0V+ 0.5V DEVICE FAILED 


OMPARE 


ALL BYTES FINAL 


VERIFICATION 


PASS 


DEVICE PASSED 


— 


FIGURE 1. SNAP! PULSE PROGRAMMING FLOWCHART 
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START 
ADDRESS = 
FIRST LOCATION 
Vec=6 V 
Vpp=12.5 V 
PROGRAM ONE 
1 ms PULSE 


INCREMENT X 


NO 


YES 


VERIFY 
ONE BYTE 


= SINOYd33/SINOYd/SINOUd3 


PROGRAM ONE 
PULSE OF 
3X_ms DURATION 


LAST 
ADDRESS? 
YES 


Vcc=Vpp=5 V 


DEVICE 
FAILED 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 
DEVICE 
PASSED 


FIGURE 2. FAST PROGRAMMING FLOWCHART 


6-84 TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS27C128 131,072-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC128 131,072-BIT PROGRAMMABLE READ-ONLY MEMORY 


ETN ETE IS LEA SES EPI SO EE RL LIES SEN GREED CREED IO NTA BEMUSED TTBS STAI ERE TEE ET EY REID a ES IAS EELS RIE SLE TERI TARA 
logic symbolst 


tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are J and N packages. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Spry Vetane Tange; VO SOE MOLE TT |. as eee oe es wale ee ae ee ee -O0.6Vto7V 

SuUpmy. vousoe tangs, Ver aoe Note Vio ta ca vein oa ena Sk hs -0.6Vto14V 

Input voltage range (see Note 1): Allinputs exceptA9 ................0000 ee eae -0.6Vto6.5V 

fo: RES SE GN Sp Pe Re OO ear Pere he © ee Pe -—0.6Vto13.5V 

Outnir Voids fangs (ene Note 1) 25... se ho re nt 8 da ee ee ee he -0.6VtoVcc +1V 
Operating free-air temperature range ('27C128-_ _ JL and JL4; '27PC128-_ _ NL 

ks 3 a Se eee One oe ee 0°C to 70°C 

Operating free-air temperature range ('27C128-_ _JE and JE4) .................. —40°C to 85°C 

Storage temperature range- i). 6 er et ee ee ee own ewe ee -65°C to 150°C 


+Stresses beyond those listed under ’‘ Absolute Maximum Ratings’’ may cause permanent damage to the device. Thisis astress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’’ section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


'27C128-100 
'27€128-120 
'27C/PC128-1 
‘27C/PC128-2 
'27C/PC128 

| MIN NOM MAX __| 


Read mode (see Note 2) 4.75 6.26 1! 45.528 ee 


*270128-12 

*27C/PC128-15 
‘27C/PC128-20 
‘27C/PC128-25 


5 
Vege SupliVokielrennamanmasaaien ct ere 6 eae | ae ee 
62565 678 
eo: (Supphivehgge [Fasebnomearabslgniinn © ok ta. Tab ma | cies abe te 
SNAP! Pulse programming algorithm 
uSaiid ECL Ue iene OT Os MEE ER BE BL 


(See table, page 2) sc 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 


not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be lcc + Ipp. 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS 


V High-level output voltage 
OH "Ig p g Vcc -0.1 
VoL Low-level output voltage 


I Input current (leakage) V; =OVto5.5V 
lo Output current (leakage) Vo =OVtoVcc 


IPP1 Vppsupply current Vpp = Vcc = 5.5V 


Ipp2 Vpp supply current (during program pulse) Vpp = 13 V 


ioe Vcc supply current TTL-input level Vcc = 5.5 V,E= ViH Soe ee 
1 = 
(standby) CMOS- input level =5.5V,E=Vcc p? aE ROO 260"! 


Vcc = 5.5V,E = Vit, 
lcc2 Vcc supply current (active) teycle = minimum cycle time, 
outputs open 


T Typical values are at Ta = 25°C and nominal voltages. 


pepacianes over recommended supply voltage range and operating free-air temperature range, 
f = 1MHz 


PARAMETER TEST CONDITIONS MIN TYPt MAX 
Cj Input capacitance Vi = OV, f = 1MHz See Oe Bee, S ea 
C. Output capacitance Vo = OV, f = 1MHz 40. 14 


tT Typical values are at Ta = 25°C and nominal voltages. 
+Capacitance measurements are made on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 4 and 5) 


*27C128-100 | ‘270128-120 
PARAMETER *270128-12 UNIT 


ta(A) Access time from address 
ta(E) | Access time from chip enable 
ten(G) Output enable time from G 


Output disable time from G or E, whichever occurs 
‘dis first | 


ty(A) Output data valid time after change of address, E, or 
G, whichever occurs firstt 


PARAMETER 


ta(A) Access time from address 
ta(E) | Access time from chip enable 


ten(G) Output enable time from G 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


CL = 100 pf, 
1 Series 74 TTL Load, 
Input tr <20 ns, 
Input ts <= 20 ns 


*27C/PC128-1 °27C/PC128-2 | ‘27C/PC128 
*27C/PC128-15 | °27C/PC128-20 | ‘27C/PC128-25 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


UNIT 


Ci = 100 pf, 
1 Series 74 TTL Load, 
Input tr =20 ns, 


Output disable time from G 


tdi of 
dis or E, whichever occurs first? 


Output data valid time after 
ty(A) change of address, E, or G, 
whichever occurs first? . 


Input ts <= 20 ns 


T Value calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


switching characteristics for programming: VCC = 6 V and Vpp = 12.5 (Fast) or Vcc = 6.50 V 
and Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C (see Note 4) 


PARAMETER 


tdis(G) Output disable time from G 


ten(G) Output enable time from G 


- 


recommended timing requirements for programming: VCC = 6 V and Vpp = 12.5 V (Fast) or 
Vcc = 6.50 V and Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C, (see Note 4) 


twiIPGM Initial program pulse duration Part ee eee [0.95 11.05 | ms | 
png 4 SNAP! Pulse programming algorithm 95 100 105 


ms 
eee Me ae ue ge ee ee 
Mee CobweMete se OO Ge ne ee 
EP Gar Cit Cte as ose a SESS 
eke emt So ee ee ee ee 
get Uermeewe <0 ee ee ee 
ere ey eee Se kw EY OY a es 
a ee ee ee | 
a eee er ee ee 


NOTES: 4. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 
and 0.8 V for logic O. (Reference page 10). 
5. Common test conditions apply for tgjg except during programming. 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


Ri = 800 2 
OUTPUT 
UNDER TEST 


Cy. = 100 pF 


FIGURE 3. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


2.4V 


0.40 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made at 
2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


read cycle timing 


A0-A13 


| | 

| 

7 VIH 
E 

| ViL 


] 
a 


| 
: Vv 
G | | l IH 
. | : ViL 
7 ad ten(G >| ko—er- tdis 
PBs as ta(A) ‘2 | via) | 
Q1-08 HI-Z LT [[L[f/  oureur  &\X Be VOH 
i a 
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program cycle timing 


| 
ADDRESS STABLE l l 


lo tsuiay—> 


ViH 


A0-A13 ADDRESS N+ 1 


VIL 


Vik/VOH 
Q1-08 


Vit/VoL 


Vpp 


Vpp 
Vcc 


Vec* 
Vcc | 
| Vcc 
ViH 


ViL 


‘wilPGM)—f¢ $+} ! +++ tenia’ 
tw(FPGM)—}@——— 
ViH 
& | 
G ViL 


Ttgis(G) and ten(G) are characteristics of the device but must be accommodated by the programmer. 
+142.5 V Vpp and 6.0 V Vcc for Fast programming 13.0 V Vpp and 6.50 V Vcc for SNAP! Pulse programming. 


device symbolization 


This data sheet is applicable to all T| TMS27C128 CMOS EPROMs and TMS27PC128 PROMs with the code 
““A”’ as shown below: 


TMS 43 
Ti FML 270128 
TMS27PC128 


ALXPYYWW 


DATA SHEET REVISION CODE 
FRONT END CODE 
DIE REVISION CODE 
BACK END CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 
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lcc1—Standby Supply Current 


(Normalized) 


TYPICAL TMS27C/PC128 CHARACTERISTICS 


STANDBY SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


STANDBY SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


(Normalized) 


0.50 


Icc¢1—Standby Supply Current 


-75 -50 -25 0 25 50 75 100 125 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
ACTIVE SUPPLY CURRENT ACTIVE SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
q e 1.50 ~ 
® Cc 
= ® 
5 : 
> = 1-25 Ss) 
as at 
Qn 2 6 
a 3 1.00 $ = 
en?" a Ga 
$6 o £ 
Se £3 
< 0.78 aes 
§ N 
oO 0.50 8 
-75 -50 -25 O 25 50 75 100 125 = 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta—Free-Air Temperature— °C Vcec—Supply Voltage—V 
vs 
FREE-AIR TEMPERATURE SUPPLY ‘VOLTAGE 
1.50 a 1.50 
eS Soe » @ 
: : 1.00 ae — gs 1.00 
o as — 
3 ae oe ee < § 
2 0.75 aed L = 0.75 
~ - 
0.50 0.50 
-75 -50 -25 0 25 50 75 100 125 4.25 4.5 4.75 5.0 5.25 5.5 5.7 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
eee ti 
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SEPTEMBER 1984—REVISED MARCH 1988 


This Data Sheet is Applicable to All J AND N PACKAGES 
TMS27C256s and TMS27PC256s Symbolized (TOP VIEW) 
with Code ““A”’ as Described on Page 12. 


@ Organization. ..32K x 8 
@ Single 5-V Power Supply 


@ Pin Compatible with Existing 256K MOS 
ROMs, PROMS, and EPROMs 


All Inputs/Outputs Fully TTL Compatible 
Max Access/Min Cycle Times | 
Vcc +5% Vcc +10% 


‘27C256-120 '27C256-12 120 ns 
‘27C/PC256-150 ‘27C/PC256-15 150 ns 
‘27C/PC256-1 ‘27C/PC256-17 170 ns 
‘27C/PC256-2 ‘27C/PC256-20 200 ns 
‘27C/PC256 ‘27C/PC256-25 250 ns 


Power Saving CMOS Technology 


: EPROMs/PROMs/EEPROMs 


Very High Speed SNAP! Pulse Programming FM PACKAGE 
or Fast Programming Algorithms (TOP VIEW) 


3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Latchup Immunity of 250 mA on All input 
and Output Lines 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active... 158 mW Worst Case 
— Standby. . . 1.4 mW Worst Case 
(CMOS-Input Levels) 


@ PEP4 Version Available with 168 Hour Burn- 
in, and also Guaranteed Operating 
Temperature Ranges 


@® 256K EPROM Available with MIL-STD-883C 
Class B High Reliability Processing 


(SMJ27C256) 
description 
The TMS27C256 series are 262,144-bit, AO-A1A Addriae Inoue 
ultraviolet-light erasable, — electrically = Chip Enable/Power Down 
programmable read-only memories. Gutout Enable 
The TMS27PC256 series are 262,144-bit, one- ~ Ground 
time, electrically programmable read-only No Connection 


memories. Make No External Connecction 
Outputs 


These devices are fabricated using power saving &-V Powsr- Supply 


CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All 
inputs (including program data inputs) can 


12-13 V Programming Power Supply 


PRODUCTION DATA documents contain information S Copyright © 1984, Texas Instruments Incorporated 
current as of publication date. Products conform to J 

aay ripe per os — of Texas pearson TE 6-91 
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be driven by Series 74 TTL circuits without the use of external pull-up resistors. Each output can drive 
one Series 74 TTL circuit without external resistors. 


The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C256 and 
the TMS27PC256 are pin compatible with 28-pin 256K MOS ROMs, PROMs, and EPROMs. 


The TMS27C256 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C256 is offered with two guaranteed 
temperature ranges of 0°C to 70°C and —40°C to 85°C (TMS27C256-_ _JL and TMS27C256-_ _JE, 
respectively). The TMS27C256 is also offered with 168-hour burn-in on both temperature ranges 
(TMS27C256-_ _JL4 and TMS27C256-_ _JE4, respectively); see table below. 


The TMS27PC256 PROM is offered in a dual-in-line plastic package (N suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27PC256 is also supplied in a 32-lead plastic 
leaded chip carrier package using 1,25-mm (50-mil) lead spacing (FM suffix). The TMS27PC256 is 
guaranteed for operation from O°C to 70°C (NL or FML suffix). 


All package styles conform to JEDEC standards. 


SUFFIX FOR OPERATING SUFFIX FOR PEP4 
TEMPERATURE RANGES 168 + 8 HR. BURN-IN 
WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 


0°C to 70°C -40°C TO 85°C; O0°C TO 70°C | -—40°C TO 85°C 
TMS27CISEIOX SSC 


These EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 12-13 V supply is needed for programming. All programming 
signals are TTL level. These devices are programmable by either Fast or SNAP! Pulse programming 
algorithms. Fast programming uses a Vpp of 12.5 V and a Vcc of 6.0 V for a nominal programming time 
of two minutes. SNAP! Pulse programming uses a Vpp of 13.0 V and a Vcc of 6.5 V for a nominal 
programming time of four seconds. For programming outside the system, existing EPROM programmers 
can be used. Locations may be programmed singly, in blocks, or at random. 


operation 


There are seven modes of operation listed in the following table. Read mode requires a single 5 V supply. 
All inputs are TTL level except for Vpp during programming (12.5 V for Fast, or 13.0 V for SNAP! Pulse) 
and 12 V on AQ for signature mode. 
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FUNCTION Output Program Signature 
Read Standb P 
Snare Disable Inhibit 


TX can be Vi, or Vip. 


tVy = 


12:-¥.+-0.5 V. 


read/output disable 


When the outputs of two or more TMS27C256s or TMS27PC256s are connected in parallel on the same 
bus, the output of any particular device in the circuit can be read with no interference from the competing 


outputs of the other devices. To read the output of a single device, a low-level signal is applied to the 


E and G pins. All other devices in the circuit should have their outputs disabled by applying 
a high-level signal to one of these pins. Output data is accessed at pins Q1 to Q8. 


latchup immunity 


Latchup immunity on the TMS27C256 and TMS27PC256 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the 
EPROM is interfaced to industry standard TTL or MOS logic devices. Input/output layout approach controls 
latchup without compromising performance or packing density. 


For more information see application report SMLAO0O1; ““Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family. °’ 


power down 


Active ICC current can be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 nA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure (TMS27C256) 


Before programming, the TMS27C256 EPROM is erased by exposing the chip through the transparent 
lid to high intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure 
dose (UV intensity x exposure time) is 15 watt-seconds per square centimeter. A typical 12-milliwatt- 
per-square-centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. It should be noted that normal ambient light contains 
the correct wavelength for erasure. Therefore, when using the TMS27C256, the window should be covered 
with an opaque label. After erasure (all bits in logic 1 state), logic Os are programmed into the desired 
locations. A programmed zero can be erased only by ultraviolet light. 
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initializing (TMS27PC256) 


The one-time programmable TMS27PC256 PROM is provided with all bits in logic 1 state, then logic Os 
are programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 


SNAP! Pulse programming 


The 256K EPROM and PROM can be programmed using the TI SNAP! Pulse programming algorithm as 
illustrated by the flowchart of Figure 1, which can reduce programming time to a nominal of 4 seconds. 
Actual programming time will vary as a function of the programmer used. 


Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses and data are stable, E is 
pulsed. 


The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (us) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 
(ten) 100-us pulses per byte are provided before a failure is recognized. 


The programming mode is achieved when Vpp = 13.0 V, Vcc = 6.5 V, G = Vin, and E = VIL- 
More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified 
with Vcc = Vpp = 5V. 


fast programming 


The 256K EPROM and PROM can be programmed using the Fast programming algorithm illustrated by 
the flowchart in Figure 2. During Fast programming, data is presented in parallel (eight bits) on pins Q1 
to Q8. Once addresses and data are stable, E is pulsed. The programming mode is achieved 
when Vpp = 12.5 V, Vcc = 6.0 V, G = Vip, and E = Vj_. More than one device ‘can be 
programmed when the devices are connected in parallel. Locations can be programmed in any order. 


Fast programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse 
is 1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp = 12.5 V. When the 
full Fast programming routine is complete, all bits are verified with Vcc = Vpp = 5 V. 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits may be verified with Vpp = 12.5 V when G = Vj, and E = Vjp. 
signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO; i.e., 
AO = Vi~ accesses the manufacturer code which is output on Q1-Q8; AO = Vip accesses the device 
code which is output on Q1-Q8. All other addresses must be held at Vj. Each byte possesses odd parity 
on bit Q8. The manufacturer code for these devices is 97, and the device code is 04. 
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START 
ADDRESS = FIRST LOCATION 
Vcc = 6.5 V. Vpp = 13.0 V | 
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PROGRAM ONE PULSE = tw = 100 us INCREMENT ADDRESS ee 
ee 
ADDRESS? 
YES 
ADDRESS = FIRST LOCATION | 


MODE 


INCREMENT 
ADDRESS 


INTERACTIVE 
WORD 


LAST 
ADDRESS? 


YES 
Vcc = Vpp = 5.0 V + 10% 


DEVICE FAILED 


FINAL 
BYTES TO 
ae VERIFICATION 


ORIGINAL 
PASS 
DEVICE PASSED 


FIGURE 1. SNAP! PULSE PROGRAMMING FLOWCHART 
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START 


ADDRESS = 
FIRST LOCATION 
Vec=6 V 
Vpp=12.5 V 


PROGRAM ONE 
1 ms PULSE 


INCREMENT X 


NO 


YES VERIFY 


ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X _ms DURATION 


LAST 
ADDRESS? 
YES 


Voc=Vpp=5 V 


DEVICE 
FAILED 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 
DEVICE 
PASSED 


FIGURE 2. FAST PROGRAMMING FLOWCHART 
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logic symbolst 


EPROM 32,768 x 8 


PROM 32,768 x 8 


(10) (10) 
0 AO 
(9) (9) J 
Al 
(8) (8) 
A2 
(7) (7) 
A3 
(6) (6) 
(5) (11) aes (5) (11) 
een * U A5 -———(}] 
(4) (12) (4) (12) 
Q2 A6 Q2 
(3) (13) 03 AT (3) (13) 
(25) (15) (25) (15) ~— 
a4 A8 Q4 
(24) (16) (24) (16) 
Q5 Ag Qs 
(21) (17) (21) (17) 
Q6 A10 a6 
(23) (18) (23) (18) 
Q7 All Q7 
(2) (19) (2) (19) 
as A12 as 
(26) (26) 
(27) -- (27) 
— 14 A14 (20) 14 


tTThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
J and N packages iljustrated. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage range, Vce (see Note:1)s v2.4 1. Ss ca ee UR ES -0.6Vto7V 
Supply-voltaoe range, Vep (seo Note: 1) aera eos gn ae We RE —-0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except AQ9................0008. -—0.6 V to 6.5 V 
BT ech gaa ae a CES Abe Noe Leg Rae eH -0.6 V to 13.5 V 
Output vaitage range (see. Note.) 2.3 5 Se Re ay dee alii id de tas -0.6 V to Vcc +1 V 
Operating free-air temperature range ('27C256-_ JL and JL4; '27PC256-_ NL 
: Mh ENE eee ee a ne ee ee ee 0°C to 70°C 
Operating free-air temperature range ("27C256-_ JE and JE4)................ —-40°C to 85°C 
Seen Teminere tre SSNS ao. x fics F mca ok pee ae whe Cat Cakes aye she epnbias' s —65°C to 150°C 


+Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 
NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


"27C256-12 
'27C256-15, ‘27PC256-15 
‘27C256-17, '27PC256-17 
‘27C256-20, ‘27PC256-20 
*27C256-25, '27PC256-25 


'27C256-120 
‘27C256-150, ‘27PC256-150 
‘27C256-1, '27PC256-1 
*27C256-2, '27PC256-2 
°27C0256, '27PC256 


UNIT 


SINOHd33/SINOUd/SINOUdS 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device mus‘ 
not be inserted into or removed from the board when Vpp or Vcc is applied. 


3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + pp 
electrical characteristics over full ranges of recommended operating conditions 
PARAMETER 


High-level output voltage 


lot = 2.1 mA 


V Low-level output voltage 
OL ‘ ’ lol = 20 nA 


I Input current (leakage) 


Output current (leakage) 


Vpp supply current 
j (during program pulse) 


Vcc supply current TTL-input level ; 
(standby) CMOS-input level Vec = 5.5. V, 


Vcc = 5.5 V,E = Viz, 


Vcc supply current (active). teycle = minimum cycle time, 
outputs open 


tTypical values are at Ta = 25°C and nominal voltages. 


EADS CARE: over recommended supply voltage range and operating free-air temperature range 
f = 1 MHz 


PARAMETER TEST CONDITIONS MIN TYPt MAX 
Vi=OVt=1MHz | 610 
Vo = OV. f= 1 MAE i014 


TTypical values are at Ta = 25°C and nominal voltages 
+Capacitance measurements are made on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 4 and 5) 


'276256-120 | ‘27C256-150 
'27PC256-150 
TEST CONDITIONS 
PARAMETER sare S 
(SEENGTES 4ANDG).| [ere 
'27PC256-15 


ta(A) Access time from address 
ta(E) | Access time from chip enable Cy = 100 pF, 


ten(G) Output enable time from G 1 Series 74 TTL Load, 


Input tr <20 ns, 
Input ts <20 ns 


tgis Output disable time from G or E, whichever occurs firstt 


Output data valid time after change of address, E, or G, 
whichever occurs first? 


‘27C256-1 '27C0256-2 ‘270256 
TEST CONDITIONS 27PC256-1 27PC256-2 27PC256 
PARAMETER (SEE NOTES 4 AND 5) ‘27C256-17 ‘27C256-20 ‘270256-25 
‘27PC256-17 | '27PC256-20 | ‘27PC256-25 


ta(A) Access time from address 
ta(E) Access time from chip enable 


ten(G) Output enable time from G Ci = 100 pF, 


Output disable time from G or 1 Series 74 TTL Load, 
E, whichever occurs first? Input t, =20 ns, 
Output data valid time after Input tf =20 ns 
change of address, E, or 

G, whichever occurs first? 


ty(A) 


tdis 


TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


switching characteristics for programming: VCC = 6 V and Vpp = 12.5 V (Fast) or Vcc = 6.50 V 
and Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C (see Note 4) 


PARAMETER 


tdis(G) Output disable time from G 


ten(G) Output enable time from G 


NOTES: 4. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for 
logic 1 and 0.8 V for logic O. (Reference page 11.) 
5. Common test conditions apply for the tgj, except during programming. 
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recommended timing requirements for programming, VCC = 6 V, and Vpp = 12.5 V (Fast) or 
Vcc = 6.5 V and Vpp = 13.0 V (SNAP! Pulse), TA = 25°C (see Note 4) 


tw(IPGM) Initial program pulse duration ech Sereroe Soorithn | 0.95 11.05 | 
Seite a2 SNAP! Pulse programming algorithm 95.100 105 


tw(FPGM) Final pulse duration Fast programming only 2.85 78.75 
tsu(A) Address setup time 
tsu(G) G setup time 


tsu(E) E setup time 


ee eed 
Pe See 
pact: So See 
re Neg Wana ne ce ed Se ee 
ea 5 Ne eee 
Ba <TR. ain aera Ses is a SI 
thia) Address hold time a Seer 
th(D) Data hold time eae 5 flees 


NOTES: 4. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 
and 0.8 V for logic 0. (Reference page 11.) 
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PARAMETER MEASUREMENT INFORMATION 
2.08 V 


R_ = 800 2 


OUTPUT 
UNDER TEST 


40 CL = 100 pF 
FIGURE 3. OUTPUT LOAD CIRCUIT 
AC testing input/output wave forms 


2.4 V 
2.0 V 2.0 V 


0. 
0.40 V ms om 


- EPROMs/PROMs/EEPROMs 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


read cycle timing 


A0-A14 


mI 


@| 


fest ten(G) “tae | er tai 


he tau 


Q1-Q08 (me ace a ae a a er HI-Z 


| vial 


LL [{[L{/,  ovreur &\ 
ANU 


HI-Z 
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program cycle timing 


| 
| 

AO-A14 ADDRESS STABLE l ADDRESS N+1 
| 


le tsuiay—> never 


Q1-08 DATA IN STABLE H 


je— tsi) | 


| 
| 
I. 
, | 
| | Vpp* 
Vpp / | | | | | 
je-tsuiveP)— | | | Vec 
| 
| 
| 


Vin/VOH 
DATA OUT 
VALID 
Vit/VoL 


. 

eo 

4 

m 
= 
g 


twilPGM)—}e——> | le “4 esas 
tw(FPGM)—}¢——> 


1 tdis(G) and ten(G) are characteristics of the device but must be accommodated by the programmer. 
412.5 V Vpp and 6.0 V Vcc for Fast programming; 13.0 V Vpp and 6.5 V Vcc for SNAP! Pulse programming. 


device symbolization 


This data sheet is applicable to all Tl TMS27C256 CMOS EPROMs and TMS27PC256 PROMs with the 
data sheet revision code ‘‘A’’ as shown below: 


Tl FML 


TS 4 
27C256 


L X P YY WW 


TMS27PC256 
A L X P YY WW 


a 


DATA SHEET REVISION CODE 
FRONT END CODE 
DIE REVISION CODE 
BACKEND CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 


DATA SHEET REVISION CODE 
FRONT END CODE 
DIE REVISION CODE 
BACKEND CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 
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TYPICAL TMS27C/PC256 CHARACTERISTICS 


STANDBY SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


(Normalized) 


icc1—Standby Supply Current 


Ta—Free-Air Temperature— °C 


ACTIVE SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


0.50 
-75 -50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature — °C 


Icc2—Active Supply Current 
(Normalized) 
r=) 
° 


ACCESS TIME 
vs 
FREE-AIR TEMPERATURE 


Ta—Access Time 
(Normalized) 


-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— °C 


Icc2—Active Supply Current lcc1—Standby Supply Current 


Ta—Access Time 


(Normalized) 


(Normalized) 


(Normalized) 


STANDBY SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


0.50 
4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc—Supply Voltage—V 


ACTIVE SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
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4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc—Supply Voltage—V 


ACCESS TIME 
vs 
SUPPLY VOLTAGE 


0.50 
4.25 4.5 4.75 5.0..5:26 5.5 5.76 
Vcc—Supply Voltage—V 
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‘NOVEMBER 1985 — REVISED APRIL 1988 


This Data Sheet is Applicable to All 
TMS27C512s and TMS27PC512s 
Symbolized with Code “‘A’’ as Described 
on Page 12. 


J AND N PACKAGE 
(TOP VIEW) 


@ Organization ...64K x 8 
@ Single 5-V Power Supply 


@ Pin Compatible with Existing 512K MOS 
ROMs, PROMs, and EPROMs 


@ All Inputs/Outputs Fully TTL Compatible 
@ Max Access/Min Cycle Time 


Vcc +5% Vcc +10% 
‘27C512-1 °27C512-17 170 ns 
’27C/PC512-2 ‘27C/PC512-20 200ns 
‘27C/PC512 ‘27C/PC512-25 250ns 
‘27C/PC512-3 9 ‘27C/PC512-30 300 ns 
Power Saving CMOS Technology FM PACKAGE 


: (TOP VIEW) 
Very High-Speed SNAP! Pulse Programming 


or Fast Programming Algorithms 


jo EPROMs/PROMs/EEPROMs 


3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


e Latchup Immunity of 250 mA on All Input 
and Output Lines 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active... 158 mW Worst Case 
— Standby... . 1.4 mW Worst Case 
(CMOS Input Levels) 


@ PEP4 Version Available with 168 Hour Burn-in, 
and also Guaranteed Operating Temperature 
Ranges 


@ 512K EPROM Available with MIL- 
STD-883C Class B High Reliability 
Processing (SMJ27C512) 


description 
The TMS27C512 series are 524,288-bit, 


ultraviolet-light erasable, electrically PIN NOMENCLATURE 


programmable read-only memories. AO-A15 Address Inputs 

; E Chip Enable/Power Down 
The TMS27PC512 series are 524, 288-bit, one- Gp’ _ 12-13. Programming Power Supply 
time, electrically programmable read-only GND eens . 
THRINONES- NC No Connection 
These devices are fabricated using power-saving NU Make No External Connection 
CMOS technology for high speed and simple Outputs 


interface with MOS and bipolar circuits. All inputs 5-V Power Supply 
(including program data inputs) can be driven by 


PRODUCTION DATA documents contain information | . Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 # 
specifications per the terms of Texas Instruments 6-105 


EXAS 
standard warranty. Production processing does not IN STRUMENTS 


necessarily include testing of all parameters. 
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Series 74 TTL circuits without the use of external pull-up resistors. Each output can drive one Series 74 TTL 
circuit without external resistors. 


The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C512 and 
the TMS27PC512 are pin compatible with 28-pin 512K MOS ROMs, PROMs, and EPROMs. 


The TMS27C512 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mouiiting hole rows on 15,2-mm (600-mil) centers. The TMS27C512 is available with two guaranteed 
temperature ranges of O°C to 70°C and — 40°C to 85°C (TMS27C512-_ _ JL and TMS27C512-_ _ JE, 
respectively). The TMS27C512 is also offered with 168 hour burn-in on both temperature ranges 
(TMS27C512-_ _ JL4 and TMS27C512-_ _ JE4, respectively). (See table below.) 


The TMS27PC51 2 PROM is offered in a dual-in-line plastic package (N suffix) designed for insertion in mounting 
hole rows on 15,2-mm (600-mil) centers. The TMS27PC51 2 is also supplied in a 32-lead plastic leaded chip 
carrier package using 1,25-mm (50-mil) lead spacing (FM suffix). The TMS27PC51 2 is guaranteed for operation 
from 0°C to 70°C. 


All package styles conform to JEDEC standards. 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 168 HR. BURN-IN 

WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 
[0°60 70°C 
ee te et ee eee 


These EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use in 
microprocessor-based systems. One other 12-13 V supply is needed for programming. All programming signals 
are TTLlevel. These devices are programmable by either Fast or SNAP! Pulse programming algorithms. Fast 
programming uses a Vppof 12.5 V anda Vcc of 6.0 V for anominal programming time of two minutes. SNAP! 
Pulse programming uses a Vppof 13.0 V anda Vcc of 6.5 V for anominal programming time of four seconds. 
For programming outside the system, existing EPROM programmers can be used. Locations may be 
programmed singly, in blocks, or at random. 


SUFFIX FOR PEP4 


° SINOYd33/SINOUd/SINOUdS 


operation 


There are seven modes of operation listed in the following table. Read mode requires a single 5-V supply. All 
inputs are TTL level except for Vpp during programming (12.5 V for Fast or 13.0 V 
for SNAP! Pulse) and 12 V on AQ for signature mode. 


FUNCTION Output P 
Read — Standby Programming Verify sas hac ip ea 
Disable Inhibit Mode 


DoUT 


HI-Z 


TX Can be Vit or Vip. 
Vi = 12V 4 O.5V. 
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read/output disable 


When outputs of two or more TMS27C512s or TMS27PC51 2s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and 
G/Vpp pins. All other devices in the circuit should have their outputs disabled by applying a high- 
level signal to one of these pins. Output data is accessed at pins Q1 through O8. 


latchup immunity 


Latchup immunity on the TMS27C512 and TMS27PC512is a minimum of 250 mA on allinputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices 
are interfaced to industry-standard TTL or MOS logic devices. Input/output layout approach controls latchup 
without compromising performance or packing density. 


For more information see application report SMLAOO1; ““Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family, ”’ available through TI Field Sales Offices. 


power down 


Active ICC current can be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 nA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure (TMS27C512) 


Before programming, the TMS27C512 EPROM is erased by exposing the chip through the transparent lid to 
high intensity ultraviolet light (wavelength 2537 angstroms). EPROM erasure before programming is necessary 
to assure that all bits are in the logic 1 (high) state. Logic Os are programmed into the desired locations. A 
programmed logic O can be erased only by ultraviolet light. The recommended minimum ultraviolet light 
exposure dose (UV intensity x exposure time) is 15 watt-seconds per square centimeter. A typical 1 2-milliwatt- 
per-square-centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located 
about 2.5 centimeters above the chip during erasure. It should be noted that normal ambient light contains 
the correct wavelength for erasure. Therefore, when using the TMS27C51 2, the window should be covered 
with an opaque label. 


initializing (TMS27PC512) 


The one-time programmable TMS27PC512 PROM is provided with all bits in the logic 1 state, then logic Os 
are programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 


SNAP! Pulse programming 


The 512K EPROM and PROM can be programmed using the TI SNAP! Pulse programming algorithm illustrated 
by the flowchart in Figure 1, which can reduce programming time to a nominal of four seconds. Actual 
programming time will vary as a function of the programmer used. 


Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses and data are stable, E is pulsed. 


The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (ys) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 
(ten) 100-us pulses per byte are provided before a failure is recognized. 


The programming mode is achieved when G/Vpp = 13.0 V, Vcc = 6.5 V, and E = Vi. More than 
one device can be programmed when the devices are connected in parallel. Locations can be programmed 
in any order. When the SNAP! Pulse programming routine is complete, all bits are verified when 
Vcc = 5V, G/Vpp = Vi_, and E = Vj. 
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SINOYd33/SINOUd/SINOYdS 


Fast programming 


The 512K EPROM and PROM can be programmed using the Fast programming algorithm illustrated by the 
flowchart in Figure 2. During Fast programming, data is presented in parallel (eight bits) on pins Q1 through 
Q8. Once addresses and data are stable, E is pulsed. The programming mode is achieved when 
G/Vpp = 12.5V, Vcc = 6.0 V, and E = Vj. More than one device can be programmed when the devices 


are connected in parallel. Locations can be programmed in any order. 


Fast programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 1 
millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This sequence 
of programming and verification is performed at Vcc = 6.0 V and G/Vpp = 12.5 V. When the 
full Fast programming routine is complete, all bits are verified when Vcc = 5 V and G/Vpp = Vi_. 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits may be verified when G/Vpp and E = Vj,. 

signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when AQ is forcedto 12 V + 0.5 V. Twoidentifier bytes are accessed by AO; i.e., AO = Vi, accesses 
the manufacturer code, which is output on Q1-Q8; AO = Vip accesses the device code, which is output on 
Q1-Q8. All other addresses must be held at Vj,_. Each byte possesses odd parity on bit 08. The manufacturer 
code for these devices is 97, and the device code is 85. 


6-108 


aia 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


~TMS270512 524,288-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC512 524,288-BIT PROGRAMMABLE READ-ONLY MEMORY 


ADDRESS = FIRST LOCATION 
Vec = 6.5V + 0.25 V, G/Vpp = 13 V + 0.25 V 


PROGRAM ONE PULSE = ty = 100 us INCREMENT ADDRESS ae cg 
ite 32 
ADDRESS? 


EPROMs/PROMs/EEPROMs 


ADDRESS = FIRST LOCATION 


PROGRAM ONE PULSE = tw = 100 us 
MODE 
VERIFY Maine 7 
sect Ramee 7 


LAST 
ADDRESS? 


INCREMENT 
ADDRESS 


YES 


Vcc = 5.0 V + 0.5 V, G/Vpp = Vit DEVICE FAILED 


COMPARE 
ALL BYTES FINAL 
VERIFICATION 


PASS , 
DEVICE PASSED 


FIGURE 1. SNAP! PULSE PROGRAMMING FLOWCHART 
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START 
ADDRESS = 
FIRST LOCATION 
Vec = 6 V 
G/Vpp = 12.5 V 
PROGRAM ONE 
1 ms PULSE 
INCREMENT X 


NO 


YES VERIFY 


ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X ms DURATION 


LAST 
ADDRESS? 
YES 


Vec = 5 V, G/Vpp = Viz 


DEVICE 
FAILED 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


| PASS 
DEVICE 
PASSED 


FIGURE 2. FAST PROGRAMMING FLOWCHART 
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SE EE ST EA IE OE BLY SESE BIT SSI TST EIT EG CRI EYE IEE 9 SENS SNS EBT MT Ba PEF I ODS SR SL SS tg DA OS a 
logic symbolst 


no £10) : EPROM ao £10) PROM = 
pS (9) 65,536 x 8 as (9) 65,536 x 8 ro) 
a2 —28) ao.._'8) & 
cq) iD rr 
ag (6) ag 6) =a 
11) - ” 
ie a = a as 8 ch io & 
ay 8) (13k, a7 43) (13) 93 £ 
a6 Pe tec ers loa 
AS 21) (17 = AS 91) = eS = 
A10 ~53) os es A10 ~53) a he © 
Ail (18) 7 A11 (18) 07 & 
Ai? (2) (19)_ og KAZ (2) (19)_ og ui 
13 128) 13 128) 
hag en arg oe 
Fi 1 
A 15 ais —— +8 
— (20) ~ (20) 
E — [PWR DWN) é ee [PWR DWN] 
t (22) 2 22) 
G/Vpp si G/Vpp a 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for J and N packages. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voRage range; Vcc (see Note 1) tcf is peas 2 ae nes eels agra iS es aoe -0.6 Vto7V 

Supply voltage range; Vpp (see. Note.T): 3.5 6:6 hc bse ee eine ee owe 8s —-0.6 Vto 14 V 

Input voltage range (see Note 1): All inputs except AQ ..................... -0.6 Vto6.5 V 

ot EAE LED ME RE RE ER eee ye -0.6 V to 13.5 V 

Output vottaqe:range: lage N6te- 1) ei aa Se sip ee ok eee os ee -0.6 VtoVcc + 1V 
Operating free-air temperature range ('27C512-_ _ JL and JL4; '27PC512-_ _ NL 

ONt- FIM 6 ces Peete bee errs eave -O°6. 2022020 

Operating free-air temperature range ('27C512-_ _JE and JE4) ............... —40°C to 85°C 

SICEICE COI ATU FANGS 35525 sg bile ore rw Sw aoe eas Ege eae tee —65°C to 150°C 


+Stresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


*27C512-1 
‘27C/PC512-2 


*27C512-17 
*27C/PC512-20 
*27C/PC512 *27C/PC512-25 
*27C/PC512-3 *27C/PC512-30 
[Min NOM MAX | __MIN NOM MAX _ 
Readmode(seeNotwe2)——=Si«dY=C‘aTS 8 | OCC 
Zep Sunahy vonage [Fastbrogrammingalgorthm [12128 13 | 12618 

12.75 13.0. 13:25 


-0.5 0.8 -0.5 0.8 
Vv Low-levelinput voltage © 
eae A a Gee © ond a Mee See ce 
TA Operating free-air temperature (See table, page 2) (See table, page 2) (See table, page 2) 


NOTE 2: Vcc must be applied before or at the same time as G/Vpp and removed after or at the same time as G/Vpp. The device must not be 
inserted into or removed from the board when Vpp or V¢c is applied. 


o 
N 
oO 


Vcc Supply voltage 
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ae electrical characteristics over full ranges of recommended operating conditions 


MIN TYPt MAX 
+1 
+1 


PARAMETER TEST CONDITIONS 
High-level RT Ss i ey PS ak 3 ae SES 
V igh-level output voltage 
ae en ee lon = —20nA Vec-0.1 V 


lo. = 2.1mA Baa = See 

V Low-level output voltage 
si Aes lon = 204A ee 
Input current (leakage) ' Vi =OVto5.5V SSeS 


I : 
lo Output current (leakage) Vo = O0VtoVcc Pe aricaiee ae 
IPP G/Vpp supply current (during program pulse) G/Vpp = 13V Beene Cee 
Vcc supply current TTL-input level Vcc = 5.5V,E = Vin | 250-500 | A 
Icc1 = 
(standby) CMOS-input level Vcc = 5.5V,E = Vcc Ree es See 


Vcc = 5.5V,E = Vi, 
tcycle = Minimum cycle time, 


Icc2 Vec supply current (active) 


outputs open 


T Typical values are at Ta = 25°C and nominal voltages. 


CApee tance over recommended supply voltage range and operating free-air temperature range, 
f = 1MHz 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 


Gj____Input capacitance Vi= OV.f=1MHe nah Go AD pros 
Co Output capacitance Vo = 0V.f = 1MHe oe a | 


: F 
Cc/vpp G/Vppinput capacitance G/Vpp = OV, f = 1 MHz aS SSeS 


tT Typical values are at Ta = 25°C and nominal voltages. 
+ Capacitance measurements are made on sample basis only. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 3 and 4) 


*27C512-1 *27C/PC512-2 |’27C/PC512 
PARAMETER °27C0512-17 *27C/PC512-20 | °27C/PC512-25 | UNIT 


ta(A) Access time from address 
ta(E) | Access time from chip enable 
ten(G) Output enable time from G/Vpp 


Output disable time from G/Vpp 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


Cy = 100 pf, 
1 Series 74 TTL Load, 
Input tr <20 ns, 


tdis E 
or E, whichever occurs first? 
Output data valid time after Input tf 20 ns 
ty(A) change of address, E, or G/Vpp, 


whichever occurs first? 


TEST CONDITIONS simi UNIT 
PARAMETER (SEE NOTES 3 AND 4) 
See 


ta(A) Access time from address Sa 
ta(E) | Access time from chip enable Cy = 100 pf, alae or ee 
ten(G) Output enable time from G/Vpp 1 Series 74 TTL Load, a Re 


” 
= 
Oo 
oc 
a. 
Tr 
oe 
” 
= 
Oo 
x 
o. 
r 
= 
2) 
oc 
a. 
Lhd 


tdis Output disable time from G/Vpp or E, whichever occurs first Input tr <20 ns 


ty(A) | Output data valid time after change of address, E, or G/Vpp, whichever Input tf <20 ns 
occurs firstt 


TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


switching characteristics for programming: VCC = 6 V and G/Vpp = 12.5 V (Fast) or Vcc = 6.50 V 
and G/Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C (see Note 3) 


PARAMETER | MIN Nom max | UNiT 


tdis(G) Output disable time from G/Vpp oss 2 Ge ee 


NOTES: 3. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 
and 0.8 V for logic O. (Reference page 11.) 
4. Common test conditions apply for tgj, except during programming. 
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recommended timing requirements for programming: Vcc = 6 V and G/Vpp = 12.5 V (Fast) or 
Vcc = 6.50 V and G/Vpp = 13.0 V (SNAP! Pulse), Ta = 25°C (see Note 3) 


tw(FPGM) Final pulse duration Fast programming only 
tsu(A) Address setup time ae Se eee 
Gil 1, Dae Wig ns. ees nape | han ein ee ae 
ive sOMmeudiey 0 ee ed emma Sa 
ane Vere we k a eeeDy Fy Ueeen emeeeneraaed 
fay: Adie oan 8 ee os ea eee et 
Me tee te et ee fe eee 
: me ures: 

i ess 

SCE RET G 

Go eee 


ee NOTE 3. For all switching characteristics the input pulse levels are 0.40 V to 2.4 V. Timing measurements are made at 2.0 V for 
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logic 1 and 0.8 V for logic O. (Reference page 11.) 
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PARAMETER MEASUREMENT INFORMATION 
2.08 V 


Ri = 800 0 
OUTPUT __- 
UNDER TEST | 


Cy. = 100 pF 


FIGURE 3. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


2.4 V 


EPROMs/PROMs/EEPROMs 


0.40 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic O. Timing measurements are made at Gee 
2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


read cycle timing 


AO-A15 


ViH 
ADDRESSES VALID 


G/Vpp 


Q1-08 
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program cycle timing 


I ADDRESS STABLE l 


ee titel 


ViH 
AO-A15 


VIL 


Vin/ 
; VOH 
DATA OUT VALID 


Q1-Q8 i 


Vit/ 
VoL 


G/Vpp 


tsu(VPP) a. 
ae 


| 
| | triPG)G | | tect?) -f¢—— | | 
e le-teutvec) 
| | 
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tw(IPGM) 


| 
| | Pt —twiFPGM) 


Voc 


TtgisiG) is a characteristic of the device but must be accommodated by the programmer. 
412.5 V G/Vpp and 6.0 V Vcc for Fast programming; 13.0 V G/Vpp and 6.50 V Vcc for SNAP! Pulse programming. 


device symbolization 


This data sheet is applicable to all T| TMS27C512 CMOS EPROMs and TMS27PC512 CMOS PROMs with 
the code ‘‘A’’ shown below: 


Tl FML 
TMS27PC512 
ALXPYY WW 


DATA SHEET REVISION CODE 
FRONT END CODE 

DIE REVISION CODE 
BACK END CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 
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icc1—Standby Supply Current 


Icc2—Active Supply Current 


Ta—Access Time 


(Normalized) 


(Normalized) 


(Normalized) 


0.50 


TYPICAL TMS27C/PC512 CHARACTERISTICS 


STANDBY SUPPLY: CURRENT STANDBY SUPPLY CURRENT 


” 
vs vs = 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE oO 
= 1.50 oc 
E a. 
é ui 
os 1.25 feel 
S 7 @ 
& = 1.00 = 
~ € 
£5 o 
es cc 
4 — 
” 
© 0.50 Ss 
ar 4.25 4.5 475 5.0 5.25 5.5 5.75 fo) 
Ta—Free-Air Temperature— °C Vcc—Supply Voltage—V e 
Lid 
ACTIVE SUPPLY CURRENT ACTIVE SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
~ 1.50 
c 
e 
6 1.25 
~~ = 
a8 
on 
F-4 3 1.00 
@ € 
ae 
8 = 0.75 
| 
N 
8 0.50 
-75 -50 -25 0 25 50 75 100 125 = 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
ACCESS TIME ACCESS TIME 
vs vs 
FREE-AIR TEMPERATURE er SUPPLY VOLTAGE 
] 
E = 1.25 
7: 
® @ 1.00 
o£ 
13s 
L = 0.75 
- 
0.50 
-50 -25 0 25 50 75 100 125 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
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ADVANCE INFORMATION documents contain 
information on new products in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 


TMS27C010 


1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


Organization ... 128K x 8 
Single 5-V Power Supply 


Industry Standard 32-Pin Dual-In-line 
Package 


All Inputs/Outputs Fully TTL Compatible 
Static Operation (No Clocks, No Refresh) 


Max Access/Min Cycle Time 
Vec + 5% Vcc+ 10% 
‘27C010-170 170 ns 
‘27C010-200 ‘27C010-20 200ns 


'270010-250 ‘27C010-25 250 ns 
‘270010-300 ‘27C010-30 300 ns 


8-Bit Output For Use in Microprocessor- 
Based Systems 


- 32-Bit Programming (Four Bytes) and 
Standard 8-Bit Programming - 


Power Saving CMOS Technology 
3-State Output Buffers 


Uses TI's Innovative ACE (Advanced 
Contactless EPROM) Technology for Noise 
Immunity and Improved Reliability 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


No Pull-Up Resistors Required 


Low Power Dissipation (Vcc = 5.5 V) 

Active .. . 220 mW Worst Case 

Standby . . . 1.5 mW Worst Case 
(CMOS-Input Levels) 


Operating Free-Air Temperature 0°C to 
70°C 


description 


JANUARY 1988 


J PACKAGE 
(TOP VIEW) 


Address Inputs 

Chip Enable 

Output Enable 

Ground 

No Connection 
Program 

Outputs 

5-V Supply 

12.5-V Power Supplyt 


TOnly in program mode. 


The TMS27C010 series are 1,048,576-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits. 
Each output can drive one Series 74 TTL circuit without external resistors. The data outputs are three- 
state for connecting multiple devices to a common bus. The TMS27C010 is offered in a 600-mil dual-in- 
line cerdip package (J suffix) rated for operation from O°C to 70°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming. All programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
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TMS27€010 
1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


operation 


There are nine modes of operation for the TMS27C010 which are listed in the following table. The read 
mode requires a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) 
and Vy (12 V) on AQ for signature mode. 


FUNCTION 
Vcc 
ee as 


es 
| 
Xx 


Page Data 
Latch 


Programming 
One Byte 


Programming 
Four Byte 


Signature 
Mode 


Program 
Inhibit . 


TX can be Vit or Ving 


Vy emu 


12 V+0.5 V 


read/output disable 


When the outputs of two or more TMS27C010s are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from competing outputs of the other 
devices. To read the output of the TMS27C010, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 


latchup immunity 


Latchup immunty on the TMS27C010 is a minimum of 250 mA on all inputs and outputs. This feature 
provides latchup immunity beyond any potential transients at the P.C. board level when the EPROM is 
interfaced to industry standard TTL or MOS logic devices. The input/output layout approach controls latchup 
without compromising performance or packing density. 


For more information see application report SMLAO01, “‘Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family’’, available through TI Sales Offices. 


power down 


Active ICC supply current can be reduced from 40 mA to 500 A for a high TTL input on E and to 250 pA 
for a high CMOS input on E. In this mode all outputs are in the high impedance state. 


6-120 


4s 
EXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS27C€010 
1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


erasure 


Before programming, the TMS27C010 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose 
(UV intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwatt-per- 
square-centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 
2.5 centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be 
noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TMS27C010, the window should be covered with an opaque label. After erasure (all bits in logic 1 state), 
logic Os are programmed into the desired locations. A programmed zero can be erased only by ultraviolet 
light. 


32-bit programming 


The device is programmed in 32-bit blocks by latching four successive bytes. The programming sequence 
is shown in the 32-bit programming flow chart (Figure 1). 


The initial setup in the page data latch is Vpp = 12.5 V, Vcc = 6.5 V, E = Vin, G = Vy, and PGM = Vip. 
The first location is defined as any address when AO = logic O and A1 = logic O, and the first order data 
is the corresponding eight bits of parallel data. Subsequently, the next three bytes of data are defined 
when AO = logic 1 and A1 = logic 0, AO = logic O and Ail = logic 1, and AO = logic 1 and 
A1 = logic 1, respectively. 


Starting at the first location, the four bytes of data are presented in sequence to the data pins Q1 through 
Q8. For every byte, when the addresses and data are stable, G is pulsed low v (Vi) and the byte is latched 
on the rising edge of G. The 32-bit parallel programming is achieved when PGM is pulsed low (Vj) with 
a pulse duration of tw(PGM)- Every location is programmed only once before going to the interactive mode. 


In the interactive mode, the word is verified at Vpp = 12.5 V, Vcc = 6.5 V, E = ViL, G = Vj, and 
PGM = Vip. If the correct data is not read, 8-bit programming is performed by pulling PGM low with a 
pulse duration of tw(PGM)-. This sequence of verification and programming is performed up to a 
maximum of 15 times. When the device is fully programmed, all bytes are verified with 
Vcc = Vpp = 5.0 V + 10%. 


8-bit programming 


TMS27CO10 can also be programmed by using the 8-bit programming algorithm. The programming 
sequence is shown in the 8-bit programming flow chart (Figure 2). 


The initial setup is Vpp = 12.5 V, Vcc = 6.5 V, E = ViL, G = Vip, and PGM = Vjp. Once the initial 
location is selected, the data is presented in parallel (eight bits) on pins Q1 through Q8. Once addresses 
and data are stable, the programming mode is achieved when PGM is pulsed low (Vj,_) with a pulse duration 
of tw(PGM)- Every location is programmed only once before going to interactive mode. 


In the interactive mode, the word is verified at Vpp = 12.5 V, Vcc = 6.5 V, E = ViL, G = VIL, and 
PGM = Vip. If the correct data is not read, the eight-bit programming is performed by pulling PGM low 
with a pulse duration of tw(PGM). This sequence of verification and programming is performed up to a 
maximum of 15 times. When the device is fully programmed, all bytes are verified with 
Vcc = Vpp = 5.0 V + 10%. 


program inhibit 


Programming may be inhibited by maintaining a high level input on both G and PGM pins or a low level 
input on both G and PGM pins. 


program verify 
Programmed bits may be verified with Vpp = 12.5 V when G = Viz, E = ViL, and PGM = Vjp. 
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SET PAGE PROGRAM 

LATCH MODE 
ADDRESS = 

FIRST LOCATION 
Vec=6.5V 
Vpp=12.5 V 

AO = LOGIC 0 
Al = LOGIC 0 


LATCH FIRST WORD 


AO = LOGIC 1 
Al = LOGIC 0 


LATCH SECOND WORD 
LATCH 


DATA 
AO = LOGIC 0 
Ai =LOGIC 1 


LATCH THIRD WORD 


AO = LOGIC 1 
Ail = LOGIC 1 


LATCH FOURTH WORD 


PROGRAM ONE 
PULSE = tw(PGM) 


LAST ADDRESS ? 


YES 
ADDRESS = 
FIRST LOCATION 


PROGRAMMING 
MODE 
(32-BIT LATCH) 
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INCREMENT 
ADDRESS 


INTERACTIVE 
MODE 
(8-BITS VERIFY) 


INCREMENT 
ADDRESS 


COMPARE ALL FINAL 


BYTES TO ORIGINAL 
aad VERIFICATION 
PASS 
DEVICE PASSED 


FIGURE 1. 32-BIT PROGRAMMING FLOW CHART 
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ADDRESS = 

FIRST LOCATION 
Vcc = 6.5 V 
Vpp =12.5 V 


PROGRAMMING 


PROGRAM ONE MODE ’ 
PULSE = tw(PGM) 
LAST ADDRESS ? INCREMENT 
ADDRESS 
YES ; 
ADDRESS = 

FIRST LOCATION 

PROGRAM ONE 

PULSE = tw(PGM) 
PASS 


INTERACTIVE 
VERIFY BYTE ? MQDE 
INCREMENT 
ADDRESS YES 
LAST ADDRESS ? 
Vcc = Vpp = 5.0 V+10% 


COMPARE ALL FINAL 
VERIFICATION 


BYTES TO ORIGINAL 
DATA 
PASS 
DEVICE PASSED 


FIGURE 2. 8-BIT PROGRAMMING FLOW CHART 
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signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 26) is forced to 12.0 V. Two identifier bytes are accessed by toggling AO. All 


aL addresses must be held low. The signature code for the TMS27C0O10 is 9746. AO low selects the 
a manufacturer’s code 97 (Hex), and AO high selects the device code 46 (Hex), as shown by the signature 
S mode table below. 
o Se Gere ae. pes eT PS 
0 | AO | a8 | Q7 | O6 | a5 | a4 | 03] a2 | Q1 | HEX | 
rs [MANUFACTURER CObE[ Vu | 7 | o[o0[1]0]1|1]|1 | 97_ 
= | DEVICECODE | Vn f O | 1 [Of oO fo fs fa} 0 [48 
= TE =G = Vit, AO = Vy, Vpp = Vcc. 
a logic symbol* 
a 
© 
— 
“ ao £12) EPROM 131,072 x 8 
(11) (13) 
q} (10) AY (74) 2! 
A378) ene (17) 23 
Aa AV Q4 
(7) (18) 
Ae *6) ae (79) 2° 
A6 AV Q6 
(5) (20) 
A7 AV Q7 
Ag (27) A es) ee v (21) a8 
(26) 191, 6744 
AQ 
(23) 
A10 
(25) 
A111 
is) 
A12 
(28) 
A13 
(29) 
A14 
(3) 
A15 5 
A16 i 
Ei! 
— (24) 


+This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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EP AD SPE DAREN EL Te TTA INS EE ALB DE ATA PIE LEAR ENG FENN INDE OT PEE TEE BE RL TA IL IV IL NS LETS PD SM EOL SN APOE LLY SLES STARTED ELLOS ES 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Sunny -younod Tamme. Wier ($06 NOU: 1) eg ee Ba so eS kn te ab Bie we -0.6 Vto 7.0 V 
Supply voltage range, Vpp (see Note 1) ............0 00 ce eee ee eee ee nee . -0.6 V to 13.0 V 
Input voltage range (see Note 1), All inputs except AQ ................ -0.6 V to Vcc + 1.0 V 

BD tie Bead nik Gelecane’s PREP LAS IE MEN hE At Ca Ne -0.6 V to 13.5 V 
Output voltage range, with respect to Vss (see Note 1)............... -0.6 V to Vor + T.0'V 
Operating tree-air Temperature ranges. os Gk bc es Oe ke oe bbe te a en ee °C 2% 70°C 
ROR MA TONIITOTIN TAINO ae Seen ety nied EA Ge be wiss ak ay BL ew —65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 


recommended operating conditions 


‘27C010-170 
‘27C010-200 
‘27C0010-250 
‘270010-300 


‘27C010-20 
‘27C0010-25 
°27C0010-30 


TTL ‘ 0.8 


-level i I 
Vit Low-level input voltage CMOS 05 GND+02 
Ta Operating free-air temperature 


NOTES: 2. Vcc must be applied after or at the same time as Vpp and removed before or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 12.5 V + 0.25 V. 


electrical characteristics over full range of operating conditions 
PARAMETER TEST CONDITIONS 
ion = —20 
VoH High-level output voltage a 08 te cc 


| lo. = 2.1 mA Reece 38 
Ue: Gi auct eames alas a So eee j 
pia basieaicC Een io. = 20 0A SRSA E! 


7 

ie mee ee ee 

|'pp2_Vpp supply current (during program pulse)__—|_Vpp = 12.75 V (32-bit programming) | 100] mA_| 

|'pp3_Vpp supply current (during program pulse)\___|_Vpp = 12.75 V (B-bit programming) | SO |mA_ | 
= Vcc + 0.2 V, Vcc = 5.5 V Sees SS 


< 


| Vcc supply current (standby) = 
Con ce CMOS- input level E 
= Vite Vou = 5-5: V, 


: lcc2 Vcc supply current (active) (output open) = minimum cycle time, 


+Minimum cycle time = maximum access time. 
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Souagereir ad over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS MIN TYP* MAX | UNIT 
Vi = OV. f = 1 MHz ae es a 
Cy Output capacitance Vo = OV, f= 1 MHz See wee S Se ee 


T Capacitance measurements are made on sample basis only. 
Fall typical values.are at Ta = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Notes 4 and 5) 


: - : : a 1 ‘27001 
TEST CONDITIONS 27C010-170 | ‘'27C010-200 70010-250 C010-300 
PARAMETER *270010-20 | ‘27C010-25 | ‘27C010-30 | UNIT 
(SEE NOTES 4 & 5) 
ta(A) Access time from address 
ta(E) | Access time from chip enable 


ten(G) Output enable time from G 


Output disable time from G or 
E, whichever occurs first 8 


Cy = 100 pF, 
1 Series 74 


TTL load, 
Input tr < 20 ns, 
Input ts; < 20 ns 


tdis 


Output data valid time after 
ty(A) change of address, E, or G, 
whichever occurs first 


NOTES: 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2.0 V for logic 
1 and 0.8 V for logic O (reference page 10.) 
5. Common test conditions apply for tgjg except during programming. 
8Value calculated from 0.5-V delta to measured output level. 
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recommended timing requirements for programming, TA = 25°C (see Notes 4 and 6) 


eee ee er See. eas ee iene tn Noes eee a ee 
0.45 0.8 0.55 
2 


tdis(G) Output disable time from G 0 1 


o 
(2) 


ten(G) Output enable time from G 
tsu(D) Data setup time 


tsu(vPP) Vpp setup time 
tsu(vcc) Vcc setup time 2 


th(A) Address hold time from G 
thiG) Output enable hold time 2 
thiD) Data hold time 


ALES Se 
| oe ed a 
ee ee 
Baer. 
ee Se Seas 
SE ae 
age ee 
Rel ees 
es 
pag jiu a baratss pee 
ni: Sh ea Fee ee 
ibe Uiemtogel uti Pe i 
i 2 a ee ee eee 
Teas? pate Babar es aC) soso: © SO ors F mel wt V5.8 te aug poor ian ae 
tsu(D3) Data setup time! dk See 
i tee ee a ee to ee 
ee eae eercar rae Se orem ek nen 
Sere — Sale pie obra Se 
Ftp, Grpulee duration during page deteletch? ——SSC~dS 

Es ie 


tsu(PGM) Programming setup time! 


{Denotes timing requirements for 32-bit programming only. 
NOTES: 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2.0 V for logic 
1 and 0.8 V for logic O (reference page 10.) 
6. Input rise and fall times are < 20 ns. 


ADVANCE INFORMATION C EPROMs/PROMs/EEPROMs 


i 
TEXAS 4p 6-127 
INSTRUMENTS | 


POST OFFICE BOX 1443 @® HOUSTON, TEXAS 77001 


NOILVINYOSNI sonvnay SINOYd33/SINOUd/SINOUdS 


TMS27C010 | 
1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


PARAMETER MEASUREMENT INFORMATION 
2.08 V 


Rp = 800 0 


OUTPUT 
UNDER TEST 


ae Ci = 100 pF 
FIGURE 3. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


are 2.0 V 2.0 V 


0.4V 0.8V 0.8V 


AC testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made at 
2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


read cycle timing 


AO-A16 y ADDRESSES VALID y 


ns (Qaim =" 
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rogram cycle timing-32 bits 


INTERACTIVE MODE 
je———-_____-—____-. PROGRAMMING MObr —~———-—___________-wsyen+( SEE NOTE > 


| 
| 
PAGE DATA LATOR PAGE __.._, SINGLE BYTE 
“T" PROGRAM. | VERIFY 


a 


OTE 7: 8-bit programming is applied in Interactive Mode when needed. 
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program cycle timing—8 bits 


PROGRAM Or 


m 3 
ty IH 
© ViL 
<= t , | 
su(A) +> jat—th (A) 
= | : 
IH 
=. os | | | oa VIL 
— ————— EE Vpp 
| V | | 
eo | | | Vec 
O tsu(VPP)—e-—ol : | | 
= Vv 1 
+ 
a Voc | | , : cc 
fevae | | Vcc 
pe tsu(VCC) —po—o | l | 
| | 
eB : | | | ViIH 
> © 
UO : VIL 
< tener ae f*—thiD) 
> ViH 
Oo Pa | | 7 Vit 
tw(PGM) -| = et—tsu(G) 4 | 7 
Tm eS 
a ran ; ViH 
ra Bee a ee 
O i 
= 
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MAY 1987—REVISED JUNE 1988 


Wide-Word Organization ... 64K x 16 J PACKAGE 


(TOP VIEW) 


Single 5-V Power Supply 


@ Operationally Compatible with Existing 
Megabit EPROMs 


@ 40-Pin Dual-in-line Package 

@ All Inputs and Outputs Fully TTL Compatible 

@ Static Operations (No Clocks, No Refresh) 

@ Max Access/Min Cycle Time 
Vcc + 5% Vcc+ 10% 
‘27C210-170 170 ns 
’27C210-200 ‘27C210-20 200ns 
"27C210-250 ‘27C210-25 250ns 
‘27C210-300 ‘27C210-30 300 ns 


@ 16-Bit Output For Use in Microprocessor- 
Based Systems 


@® 32-Bit Programming (Two 16-Bit Words) 
and 16-Bit Programming 


16 Seconds Typical Programming Time 
Power Saving CMOS Technology 
3-State Output Buffers 


Address Inputs 
Chip Enable 
Output Enable 
Ground 


Uses TI's Innovative ACE (Advanced 
Contactless EPROM) Technology for Noise 
Immunity and Improved Reliability 


400 mV Guaranteed DC Noise immunity 
with Standard TTL Loads 


Latchup Immunity of 250 mA on All Input 
and Output Pins 


No Connection 
Program 
Outputs 

5-V Supply 
12.5-V Supply* 


No Pull-Up Resistors Required 


tPins 11 and 30 must be connected 
externally to ground. 


Low Power Dissipation 
+ Only in program mode. 


—Active ... 220 mW Worst Case 
—Standby ... 1.5 mW Worst Case 
(CMOS-Input Levels) 


@ Operating Free-Air Temperature 0°C to 
70°C 


description 


The TMS27C210 is a 1,048,576-bit, ultraviolet-light erasable, electrically programmable read-only memory. 
This device is fabricated using CMOS technology for high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the 
use of external pull-up resistors and each output can drive one Series 74 TTL circuit without external 
resistors. The data outputs are three-state for connecting multiple devices to a common bus. The 
TMS27C210 is offered in a dual-in-line cerdip package (J suffix) rated for operation from O°C to 70°C. 
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Since this EPROM operates from a single 5-V supply (in the read mode), it is ideal for use in microprocessor- 
based systems. One other (12.5 V) supply is needed for programming. All programming signals are TTL 
level. For programming outside the system, existing EPROM programmers can be used. 


operation 


There are eight modes of operation for the TMS27C210 which are listed in the following table. The read 
mode requires a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) 
and 12 V on AQ for signature mode. 


FUNCTION 
PINS 
PGM Vpp Vcc 
(39) (1) (40) 
Output 
Disable 


m 
0 

_.) 
\e) 
S 
iF 
"U 
eS) 
2) 
= 
S 
mi 
m 
U 
a 
Oo 
Ss 
w 


ee 
ae 
Program 
Inhibit 
Signature 
Mode (Mfg) 


' Signature 
Mode (Device) 


Device 
Code 
0086 


TX can be Vi or Vip. 
tViy = 12V + O.5V. 


read/output disable 


When the outputs of two or more TMS27C210s are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from competing outputs of the other 
devices. To read the output of the TMS27C210, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 


latchup immunity 


Latchup immunty on the TMS27C210 is a minimum of 250 mA on all inputs and outputs. This feature 
provides latchup immunity beyond any potential transients at the P.C. board level when the EPROM is 
interfaced to industry standard TTL or MOS logic devices. The input/output layout approach controls latchur 
without compromising performance or packing density. 


For more information see application report SMLAOO1, “‘Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family’’, available through TI Sales Offices. 
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power down 


Active power dissipation can be reduced from 40 mA to 1 mA for a high TTL input on E and to 250 pA 
for a high CMOS input on E. In this mode all outputs are in the high impedance state. 


erasure 


Before programming, the TMS27C210 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose 
(UV intensity x exposure time) is fifteen watt-seconds-per-square-centimeter. A typical 12 milliwatt-per- 
square-centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 
2.5 centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be 
noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TMS27C210, the window should be covered with an opaque label. 


32-bit programming 


After erasure (all bits in logic 1 state), logic Os are programmed into the desired locations. A programmed 
- zero can be erased only by ultraviolet light. The device is programmed in 32-bit blocks. The programming 
sequence is shown in the 32-bit programming flow chart (Figure 1). 


The initial setup in the page data latch is Vpp = 12.5 V, Vcc = 6.5 V, E = Vit, G = Vin, and 
PGM = Vip. The first location is defined as any address when AO = logic O, and the low order word 
data is the corresponding 16 bits of parallel data. The high order word data is the 16 bits of parallel 
data for any address when AO = logic 1. 


Once the first location is selected, the low order word data is presented to the data pins Q1 to Q16. When 
the address and data are stable, AO is clocked from logic O to logic 1. The low order word is latched on 
the rising edge of AO when Vpp = 12.5 V, Vcc = 6.5 V, E = Vi, G = Vip, and PGM = Vjp. The high 
order word is then presented to the data pins. When the data is stable, the 32-bit parallel programming 
is achieved when PGM is pulsed low (Vj). The length of the pulse is tw(PGM)- Every location is programmed 
once before going to the interactive mode. 


The interactive mode consists of a sequence of verification and programming. In the interactive mode, 
two 16-bit words corresponding to low and high order word data are verified at Vpp = 12.5V, Vcc = 6.5V, 
E = Vit, G = Vit, and PGM = Vjp. If the correct data is not read in either or both words, 32-bit 
bit programming is performed with Vpp = 12.5 V, Vcc = 6.5 V, E = Vit, G = Vin, and a low pulse of 
tw(PGM) on PGM. This sequence of verification and programming is performed up to a maximum of 15 times 
for two words. When the device is fully programmed, all bits are verified with Vcc = Vpp = 5.0 V + 10%. 
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16-bit programming 


TMS27C210 can also be programmed in 16-bit blocks if desired. The 16-bit programming flow is shown 
in Figure 2. The initial setup is the same as the 32-bit programming flow except E = Vip. Once the initial 
location is selected, the 16-bit word data is presented to the data pins Q1 through Q16. When the addresses 
and data are stable, E is pulled low (VjL). The 16-bit programming is achieved when PGM is pulsed low 
(ViL). The length of the pulse is tw(PGM). To program the next location, E is pulled high (Vj}H) and the 
16-bit data is presented to the data pins. When the data and address are are stable, programming is achieved 
with E = Vi, followed by a low pulse of tw(PGM) on PGM. Every location is programmed once before 
going to the interactive mode. 


\ 
In the interactive mode, 16-bit data corresponding to every location is verified at Vpp = 12.5 V, 
Vcc = 6.5 V,E = ViL, G = = ViL, and PGM = Vin. If the correct data is not read, a 16-bit word 
programming is performed with G = Vip and a low pulse of tw(PGM) on PGM. This sequence of verification 
and programming is performed up to a maximum of 15 times for a word. When the device is fully 
programmed, all bits are verified with Vcc = Vpp = 5.0 V + 10%. 


program inhibit 
Programming may be inhibited by maintaining a high level input on the E pin. 
program verify 


Programmed bits may be verified with Vpp = 12.5 V when G = Vj, E = Vii, and PGM = Vjp. 


signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 31) is forced to 12.0 V. Two identifier bytes are accessed by toggling AO. 
Q1-Q8 contain the valid codes. Each byte possesses odd parity on bit Q8. All other addresses must 
be held low. The signature code for the TMS27C210 is 9786. AO low selects the manufacturer’s code 
97 (Hex), and AO high selects the device code 86 (Hex), as shown by the signature mode table on page 7. 
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START 


PROGRAMMING 


- EPROMs/PROMs/EEPROMs 


MODE 
HIGH ORDER WORD DATA 
PROGRAM ONE PULSE = tw(pGm) 
ane | ___INCREMENT ADDRESS _| 
INCREMENT ADDRESS 
ADDRESS? Ce 
YES 
ADDRESS = FIRST LOCATION 
VERIFY LOW ORDER WORD DECREMENT ADDRESS 
INCREMENT ADDRESS PROGRAM ONE PULSE = tw(pGM) 
VERIFY HIGH ORDER WORD HIGH ORDER WORD DATA 
INTERACTIVE 
MODE 
AO = LOGIC 1 
INCREMENT 
ADDRESS LOW ORDER DATA WORD 
DECREMENT ADDRESS 
LAST 
ADDRESS? 
YES 
Vcc = Vpp = 5V + 10% DEVICE FAILED 
FINAL 
VERIFICATION 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


PASS 


DEVICE PASSED 


FIGURE 1. 32-BIT PROGRAMMING FLOW CHART 


. 
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Vec = 6.5 V; Vpp = 12.5 V, E = Vin 


- SINOYd33/SINOUd/SINOYdS 


= PROGRAM 
o> Mit MODE 
PROGRAM ONE PULSE = tw(pGM) INCREMENT ADDRESS 3 
LAST = 
ADDRESS? . 
YES 
ADDRESS = FIRST LOCATION 
PROGRAM ONE PULSE = tw(PGM) 
E = Vit 
INTERACTIVE 
MODE 
INCREMENT VERIFY 16 BIT WORD DATA 
ADDRESS WORD 
LAST 
ADDRESS? 
YES 
Vcc = Vpp = 5.0V + 10% DEVICE FAILED 
COMPARE FINAL 
ALL BYTES VERIFICATION 


TO ORIGINAL 
DATA 


PASS 


DEVICE PASSED | 


FIGURE 2. 16-BIT PROGRAMMING FLOW CHART 
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signature modet 


DENTIFIERt a 


co 
[MANUFACTURER CODE | Vir [1 


tE=G = Vit, AQ = Vy, A1-A8 = Vi_, A10-A15 = Vi_, Vpp = Vcc, PGM = Vip or Viz. 


logic symbol* 


EPROM 65,536 x 16 


EPROMs/PROMs/EEPROMs 


: (21) 

AO re) 

ai 22) AY (19) 4 
(23) (18) 

A2 AY a2 
(24) (17) 

A3 AY Q3 
(25) (16) 

Aa AY a4 
(26) (15) 

AS AY Q5 
(27) (14) 

AG AY a6 
(28) (13) 

A7 AY Q7 
(29) (12) 

A8 AY as 
49 (32) eat @ °° 
kaa AY ay 210 
Att AY ae 
Meme AY ar ale 
A13—Fe) AY er 913 
A14—a5 AY ay 014 
A15 AY ar ais 
eee AY 016 

. i [PWR DWN] 
_ (20) 
G > 


+This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) & 


Supply -vortage range, Voc .(seq Note 1): i504 oe eG aka ine nae ee -0.6 V to 7.0 V 
Supply voktage range, Ver. (see Note 1)... see ce EN 8 a ie Se eS —0.6 V to 13.0 V 
Input voltage range (see Note 1), All inputs except AQ .............. —0.6 V to Vcc + 1.0 V 

POS Fe Se os Oe we Fo ens 2 ree ES —-0.6 V to 13.5 V 
Output voltage range (see. Note: 1). oo. ce Se tl io Se oo oa ~0:6-V.to Vcc + 1:0-V 
Operating frec-air temperature Tange. 2.25 oe i es ea as eR ee es O0°C to 70°C 
Sreraae Temperature (ange: 5 oo 2) os aie ee est Ps ie oe Maren we: ital & as a -—65°C to 150°C 


8Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


‘27C0210-170 

°27C210-200 *27C0210-20 
‘27C0210-250 *27C0210-25 
‘27C0210-300 *270210-30 


Vcc Supply voltage-read mode (see Note 2) 


Vpp Supply voltage-read mode (see Note 3) Vec-1.0 Vee Vec+1.0] Vec-1.0 Vec Vec+1.0 


Vect 
Vi High-level input voltage 


TTL ; , . 
V -level i | 
so aaa his Atanas, 58 8 0.5 GND+0.2| 0.5 
Ta Operating free-air temperature 0 


NOTES: 2. Vcc must be applied after or at the same time as Vpp and removed before or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vppcanbeconnectedto Vcc directly (except in the program mode). Vcc supply current in this case would be!cc + Ipp. During 
programming, Vpp must be maintained at 12.5 V + 0.25 V. 


SINOWd33/SINOUd/SIWOUdS 


electrical characteristics over full range of operating conditions 


I = -—20 
VoH_ High-level output voltage OH pA 

| = 2.1mMA 
VOL Low-level output voltage OL m 

loL = 20 pA 


TTL-input level Vec = 5.5V,E=V 
lcc1 Vcc supply current (standby) CC - 1H 
CMOS-input level | Vcc = 5.5V,E = Vcc + 0.2V 


Vec = 5.5V,E = Vit 
lcc2 Vcc supply current (active) teycle = minimum cycle time, 
outputs open* 


TTypical values are at Ta = 25°C and nominal voltages. 
+Minimum cycle time = maximum address access time. 
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TMS27€210 
1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


cream anee over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 
Cj Input capacitance V; = OV, f = 1 MHz eka. S| TSS 
Co Output capacitance Vo = OV, f= 1 MHz aes es 


T Capacitance measurements are made on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


*270210-170 | ‘27C210-20 | '27C210-25 | ‘27C210-30 
PARAMETER ‘27C210-200 | ‘27C210-250 | ‘27C210-300 | UNIT 
ta(A) Access time from address mare & 
ta(E) | Access time from chip enable Po ee 


ten(G) Output enable time from G a 


TEST CONDITIONS 
(SEE NOTE 4) 


Cy = 100 pF, 
1 Series 74 
TTL load, 


” 
= 
2) 
cc 
a. 
TF 
rr 
= 

P 
= 
2) 
ce 
a. 
= 

P 
= 
Oo 
cc 
a 
rT 


Output disable time from G or 
‘dis E, whichever occurs first8 
—— Input tp < 20ns, 
Output data valid time after - 
ea Input ts s 20 ns 
ty(A) change of address, E, or G, 
whichever occurs first 8 


§ Value calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 
NOTE 4: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2.0 V for logic 1 and 
0.8 V for logic O (reference page 10.) 


recommended timing requirements for programming, Vcc = 6.5 V and Vpp = 12.75 V, Ta = 25°C 


MIN TYP MAX | UNIT 


(see Notes 4 and 5) 


tw(PGM) Program pulse duration 
tsu(E) Chip enable setup time 
tsu(A) Address setup time 
tsu(G) G setup time 
tdis(G) Output disable time from G (see Note 6) 
ten(G) Output enable time from G 
tsu(D) Data setup time 
| tsu(vPP) Vpp setup time 
tsuivcc) Vcc setup time 
th(A) Address hold time 
th(D) Data hold time 
Output enable hold time from data 


twiE) Chip enable pulse duration 


NOTES: 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2.0 V for 
logic 1 and 0.8 V for logic O (reference page 10.) 
5. Input signal t; and tr < 20 ns. 
6. Common test conditions apply for tgjg(G) except during programming. 
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TMS27€210 
1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


PARAMETER MEASUREMENT INFORMATION 


2.08 V 
R_ = 800 0 


OUTPUT 
UNDER TEST 


cia = 100 pF 


FIGURE 3. OUTPUT LOAD CIRCUIT 


AC testing input/output wave forms 


2.4 V 70V 


0.40 V 0.8 V 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic O. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O for both inputs and outputs. 


read cycle timing 


A0-A15 { ADDRESSES VALID 1 


| [Stas 
ove ne SE Fp 


dis 
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VIH 
ViL 
thiA) "1 tal A)! | 
t 
: | | IH 
AO | 
t ~ol ; | | ViL 
| k= tsu(DAO) wl pe ty(A) 


| th(DAO thiD | 
| ma same : poet —thiD) : | 


Vv t : | 
PP | S| Oe es 
| 


twiPGM)——4 
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16-bit programming 
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oa - PROGRAMMING a Rese AR gal” Serpe. 


AO-A15 STABLE ADDRESSES 2 ep 


ap tou *hiA) feo —| be tviA) 


DATA STABLE DATA IN DATA OUT » 


aa Rca ate | 
SAL Degen 9) Le th(D) 
Vpp 
Vpp } : I | | | 
ese | ae | Vec 
Pr tsuver if ce tdisiG)——| ke 
Vcc + 1 
| 
Moe A Pte | | ee | 
: 4 rota) | Vcc 
| Ty ee aa | 
| an L | Vin 
E / \ I | /\ N | 4 
| oe ee ce iy 
-—————+"-tsu(E) a twi—E) ——| | 


| 
cae 
| | 4-4 rf ten(G) 


| 
| ! Vin 
tw(PGM)————=»} Va 


| 
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1,048,576-BIT PROGRAMMABLE READ-0 


TMX27PC010 


NLY MEMORY 


JANUARY 1988 


Organization ... 128K x 8 
Single 5-V Power Supply 


Industry Standard 32-Pin Dual-in-line 
Package 


All inputs/Outputs Fully TTL Compatible 
@ Static Operation (No Clocks, No Refresh) 
@ Max Access/Min Cycle Time 
Vcc + 5% Vcc + 10% 
‘27PC010-200 ‘27PC010-20 200 ns 


*27PC010-250 ‘27PC010-25 250 ns 
‘27PC010-300 ‘27PC010-30 300 ns 


@ 8-Bit Output For Use in Microprocessor- 
Based Systems 


@ 32-Bit Programming (Four Bytes) and 
Standard 8-Bit Programming 


Power Saving CMOS Technology 
3-State Output Buffers 


Uses TI's Innovative ACE (Advanced 
Contactless EPROM) Technology for Noise 
Immunity and Improved Reliability 


@ 400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


No Pull-Up Resistors Required 


Low Power Dissipation (Vcc = 5.5 V) 

—Active . . . 220 mW Worst Case 

—Standby. .. 1.5 mW Worst Case 
(CMOS-Input Levels) 


@ Operating Free-Air Temperature . . . O°C to 
70°C 


description 


N PACKAGE 
(TOP VIEW) 


Address Inputs 
Chip Enable 
Output Enable 
Ground 

No Connection 


Program 

Outputs 

5-V Supply 

12.5-V Power Supply? 


TOnly in program mode. 


PRODUCT PREVIEW - EPROMs/PROMs/EEPROMs 


The TMX27PCO10 series are 1,048,576-bit, one-time, electrically programmable read-only memories. These 
devices are fabricated using CMOS technology for high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits. Each output 
can drive one Series 74 TTL circuit without external resistors. The data outputs are three-state for connecting 
multiple devices to a common bus. The TMX27PC010 is offered in a 600-mil dual-in-line plastic package 


(N suffix) rated for operation from O°C to 70°C. 


Since these PROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming. All programming 
signals are TTL level. For programming outside the system, existing PROM programmers can be used. 


PRODUCT PREVIEW documents contain information ° 
on products in the formative or design phase of ff 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 


TEXAS 
reserves the right to change or discontinue these IN STRUM ENTS 


products without notice. POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 
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TMX27PC210 
1,048,576-BIT PROGRAMMABLE READ-ONLY MEMORY 


JANUARY 1988 


@ Wide-Word Organization ... 64K x 16 N PACKAGE 
@ Single 5-V Power Supply (TOP VIEW) 


@ Operationally Compatible with Existing 
Megabit EPROMs 


40-Pin Dual-in-line Package 
All Inputs and Outputs Fully TTL Compatible 
Static Operation (No Clocks, No Refresh) 


Max Access/Min Cycle Time 
Vcc + 5% Vcc + 10% 
"27PC210-200 ‘27PC210-20 200 ns 


‘27PC210-250 ‘'27PC210-25 250 ns 
‘27PC210-300 ‘27PC210-30 300 ns 


® 16-Bit Output for Use in Microprocessor 
Systems 


@ 32-Bit Programming (Two 16-Bit Words) 
and 16-Bit Programming 


PRODUCT PREVIEW - EPROMs/PROMs/EEPROMs 


@ 16 Seconds Typical Programming Time 
@ Power Saving CMOS Technology 
@ 3-State Output Buffers 
@ Uses TI's Innovative ACE (Advanced er 
Contactless EPROM) Technology for Noise pe es ig 
Immunity and Improved Reliability nee 9 
Output Enable 
@ 400 mV Guaranteed DC Noise Immunity Ground 
with Standard TTL Loads No Connection 
@ Latchup Immunity of 250 mA on All Input oe 
and Output Pins ee 
_ 5-V Supply 
No Pull-Up Resistors Required 12.5-V Supply* 
Low Power Dissipation tPins 11 and 30 must be connected externally to ground. 
—Active ... 220 mW Worst Case +Only in program mode. 


—Standby... 1.5 mW Worst Case 
(CMOS-Input Levels) 


@ Operating Free-Air Temperature . . . O°C to 
70°C 


lescription 


The TMX27PC210 is a 1,048,576-bit, one-time, electrically programmable read-only memory. This device 
is fabricated using CMOS technology for high speed and simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the use of external 
pull-up resistors and each output can drive one Series 74 TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple devices to a common bus. The TMX27PC210 is offered 
in a dual-in-line plastic package (N suffix) rated for operation from O°C to 70°C. 


PRODUCT PREVIEW documents contain information ‘ Copyright © 1988, Texas Instruments Incorporated 

on products in the formative or design phase of tis 
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SN54ALS229A, SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


D2876, MARCH 1986—REVISED MAY 1986 


Independent Asychronous Inputs and SN54ALS229/A .. . J PACKAGE 
Outputs SN74ALS229A ... DW OR N PACKAGE 


(TOP VIEW) 


16 Words by 5 Bits Each 
Data Rates from 0 to 30 MHz 
Fall-Through Time . . . 24 ns Typ 


3-State Outputs 


description 


These 80-bit memories utilize Advanced Low- 
Power Schottky technology and feature high 
speed and fast fall-through times. They are 
organized as 16 words by 5 bits each. 


SN54ALS229A . . . FK PACKAGE 


A FIFO memory is a storage device that allows SN74ALS229A .. . FN PACKAGE 
data to be written into and read from its array (TOP VIEW) 
at independent data rates. These FIFOs are on 
designed to process data at rates from O to 30 N * 
. a | > 
megahertz in a bit-parallel format, word by word. ed Ye alee 
pat |) 
‘ : O 
Data is written into memory on a low-to-high Primos if 
transition at the load clock input (LDCK) and is _ 


read out on a low-to-high transition at the unload 
clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 16 the 


LDCK{J 4 18L}] UNCLK 
DOL 5 17L] EMPTY 


6 16 
number of words clocked out. When the memory DIL Oe 
: ; ‘ D21j7 15[} Q1 
is full, LDCK signals will have no effect. When p3he 1afla2 
the memory is empty, UNCK signals have no P 
effect. Sooo 

tO[-K +m 
Status of the FIFO memory is monitored by the Oo re Ooo 


FULL, EMPTY, FULL — 2, and EMPTY + 2 output 
flags. The FULL output will be low whenever the 
memory is full, and high whenever not full. The 
FULL—2 output will be low whenever the 
memory contains 14 data words. The EMPTY 
output will be low whenever the memory is 
empty, and high whenever it is not empty. The 
EMPTY + 2 output will be low whenever 2 words 
remain in memory. 


A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and sets FULL, FULL— 2, and EMPTY +2 high. The Q outputs are not reset to any specific logic level. The 
first low-to-high transition on LDCK, after either a RST pulse or from an empty condition, will cause EMPTY 
to go high and the data to appear on the Q outputs. It is important to note that the first word does not 
have to be unloaded. Data outputs are noninverting with respect to the data inputs and are at high impedance 
when the output enable input (OE) is low. OE does not affect the output flags. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 


PRODUCTION DATA documents contain information ° Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to tis 
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SN54ALS229A, SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


logic symbolt 


FIFO 16X 5 
CTR .- 


FULL 
FULL—2 
EMPTY+2 
EMPTY 


OE 

DO Qo 
D1 Q1 
D2 Q2 
D3 Q3 
D4 Q4 


T This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate bu 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controllec 
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is O 
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SN54ALS229A, SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


logic diagram (positive logic) 


” 
Gad 
oO 
=} 
RING COUNTER | 
CTRDIV16 1 re) 
(4) © Bos 
LDCK = a. 
deed 
o 
ea eae = 
® 
WRITE = 
ADDRESS 10 = 
S 
be Lop fe hoy = 
E 
18 
UNcK - | >o C1 @. 
) 
1D RING COUNTER => 
CTR DIV 16° 1 Cd 
2 ” 
3 | 
4 > 
5 
6 
: 
8 
9 
es 499} ny) 
RST 
(5) a (16) 
Do 1A, 3D 2A ao 
p1 Sceeaniie Sioa Suman sr Ot 
ree PT eee SS  weamernereges oe OE 
eR eR Eat PSS 125 PRED cca es WS TH 
a) ES stiaeses aici gk Fd BS  warencraey OO! 
ime eaemre te ore 


7 — 


FULL-—2 


EMPTY+2 


VY 
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SN54ALS229A, SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


sae Se ae am Fc Na BT SS pNP SE AN SR ESAS NA SR aN PRENSA NEAT SRE ERE EATER: $ 
timing diagram 


UNCK 


| | 
oo os SNe \ Te RTO i 


PROMO E TY FESS Sai SRP I | , 
EMPTY ) | 
EMPTY+2 een eee ee ee 
| | 


FULL 
| | | | 
FULL-—2 
| 
| 
INITIALIZE LOAD UNLOAD EMPTY FULL 
POINTERS Ww1 W2 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


me sionpoig }uswebeueyy AIOWO9W ISTA 


PE VOES V Gie ass sirs o 4 0 aE ae eh Oe Ee FS ea we priv bos POE Re Fa OE SS 7V 
FUSES Se mE eee nS, 5. Ae ae nes a nl so eR S Goin tk ee ety We eee earls eo tecaal are 7V 
Volteqce: sppter tna dinabled o-etate Gutput eek ee Se wk we Be ws wes 5.5 V 
Operating free-air temperature range: SN54ALS229A ............ 2.220006 —55°C to 125°C 

SR ees a EPR a oe LS ee ae pe eee ee ee Mid ee TOF OCC 
StOrAG tema re TROGG oe ie geukel pie ooo eo ea Ghee ae a ee ee ie re ee —'65°C to: 150°C 


recommended operating conditions 


SN54ALS229A SN74ALS229A 
[MIN NOM MAX | MIN NOM MAX |~~ 


vacua P45 5 55/45 8 55 | V_ 
High-level input voltage ae peers ee Sa me 
Low-level input voltage eee 

es oe ee ee 

High- aaa output current = 

Status flags | 04 0.4 | 

:ccgadionak eek ORONORE Ce oT ai eee 

Status flags | 4 


eee LOCK OS ee Oh ao he 
or aries UNCK PES a 4 5 EE NSS at 


flo umaee Bie See ee 

PIS Se Be SSA Sk 

ce eS SS ee 

LS ee Bi ee (| es 

CST ee BE es 

ee 
ee ea 


tw Pulse duration 


t Setup time 

a ae RST (inactive) before LOCKt | 5 | 

oC Dota efter LOCKT Li ae 
Ta 1 Operating free-air temperature Se ee 
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SN54ALS229A, SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
TEST CONDITIONS 
MIN TYPt MAX] MIN TYPt MAX 


PARAMETER 
Vee = 45V, y= —18mA_, 
Veo = 45Vt055V. lon = —04mA  [Voo=2 


es eee Ss rs ee ee 

UR SA eS ER, O26 0a =. 5 
Veo = 45V, lo. = 24 mA ce et ee 

VOL 


Vec = 4.5 V, lol = 4mA 0.25 0.4 0.25 0.4 
Status flags 
Vcc = 4.5 V, lo. = 8mA Bese Shes 0.35 0.5 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 


switching characteristics (see Note 1) 


Vcc = 5V, Vec = 4.5Vto 5.5 V, 
Cy = 50 pF, Cy = 50 pF, 
R1 = 500 0, Ri = 500 0, 
FROM 
PARAMETER (INPUT) R2 = 500 0, R2 = 500 Q, 
~ Ta = 25°C |. Ta = MIN to MAX 
SN74ALS229A 


Ww 
~N oO 
o1 


a 
OOD} O |oO;o 


NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


D2876, OCTOBER 1985—REVISED APRIL 1986 


SN54ALS232A .. . J PACKAGE 
SN74ALS232A ...D OR N PACKAGE 


(TOP VIEW) 


@ Independent Asynchronous Inputs and 
Outputs 


@ Package Options Include Plastic ‘Small 
Outline’’ Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 


@® 16 Words by 4 Bits Each 
® Data Rates from 0 to 30 MHz 
@ Fall-Through Time... 24 ns Typ 
@ 3-State Outputs SN54ALS232A . . . FK PACKAGE 
S29 SN74ALS232A . . . FN PACKAGE 
description (TOP VIEW) 
These 64-bit memories use Advanced Low- ie as 7 
Power Schottky technology and feature high 5 wy Y 2 = 
speed and fast fall-through times. They are oy 
By 2S ie Bk 


organized as 16 words by 4 bits each. 


LDCK [J 4 18L] EMPTY 


A FIFO memory is a storage device that allows 


: ; DO U5 ee 
data to be written into and read from its array at om 
: ' NC U6 16L} NC 
at independent data rates. These FIFOs are pifi7 sf] Q1 
designed to process data at rates from O to 30 p2Hs 147] 02 


megahertz in a bit-parallel format, word by word. 


10 11 12 13 


Data is written into memory on a low-to-high 
transition at the load clock input (LDCK) and is 
read out on a low-to-high transition at the unload 
clock input (UNCK). The memory is full when the NC—No internal connection. 
number of words clocked in exceeds by 16 the 

number of words clocked out. When the memory 

is full, LDCK signals have no effect on the data 

residing in memory. When the memory is empty, 

UNCK signals have no effect. 


9 
es 
Mma OlF 
OQ 


Status of the FIFO memory is monitored by the FULL and EMPTY output flags. The FULL output will be 
low when the memory is full, and high when the memory is not full. The EMPTY output will be low when 
the memory is empty, and high when it is not empty. ; 


A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and sets FULL high. The outputs are not reset to any specific logic levels. The first low-to-high transition 
on LDCK, either after a RST pulse or from an empty condition, will cause EMPTY to go high and the data 
to appear on the O outputs. It is important to note that the first word does not have to be unloaded. Data 
outputs are noninverting with respect to the data inputs and are at high impedance when the output-enable 
input (OE) is low. OE does not affect either the FULL or EMPTY output flags. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 


Copyright © 1985, Texas Instruments Incorporated 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


logic symbolt 


RST 
LDCK > 1(+/C2) (CT=16)G1 
UNCK 


OE 


DO 
D1 
D2 
D3 


TThis symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0. 


logic diagram (positive logic) 


~ sjonpoig }uswebeuep- AioweyW ISTA 


opt 
RING 
COUNTER 
CTR DIV 16 
peace Sa) Ee, 
ween, 
So 
sete 
= 
uae 
WRITE 4 
ADDRESS mon 
wear! 
‘sii 
mun 
3 16 
(45 
UNCK COUNTER 
CTR DIV 16 
roiker READ 
dcT=1 
- Pai. 
D 
= (5) PRESETS GS SA: 
po -8) SSA RESALE ae 4 
See se SoS PS Ss 
53 2! ae, 
(14) EMPTY 
(2) FULL 


Pin numbers shown are for D, J, and N packages. 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


timing diagram 
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~ VLSI Memory Management Products 


INITIALIZE LOAD ' UNLOAD EMPTY FULL 
POINTERS W1 w2 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Bey VOmane VOCE ii ae gs ee Ne oe ORRIN lin Se RePEc s MEO AS URE ca aver aes in a 1 7V 
WE NEEI EINE ne Sats cies, 2a ag Fal hah ae RIC aE oe TCL INTEL BD Oe ee RAT ce RE Oa eet ak eel 7V 
Vorsoe anoned to @ disabled 3-state- Output... vs Fe Se 8 ee. Riba Wea vce Rte eee 5.5 V 
Operating free-air temperature range: SN54ALS232A ...............0.005. —§5°C to 126°C 

NRT? MPA RN Ems Seley. WR Bide et bw cw a ay's lata O°¢ to 76°C 
Storage temperature fangs 3. ao ha a Reh ink ik ee evils ee 8S -65°C to 150°C 


recommended operating conditions 


SN54ALS232A SN74ALS232A UNIT 
[min NOM MAX | MIN NOM_ MAX 


Vee isiph pies oe ee ee ee 
low "Hobie amp anet Pie 
ae: 6 AOE BAYS 
IOL Low-level output current TRESS Sea ar awe 2 
RE. 4c ee SC 
ts ee Re a ome 
eee rewensy 2 Rea 
GRR 0 ee Eee SO ae 
fie = aS Loar maui Sook as Serene 
tw Pulse duration i a a 
SERS: ahs Maes = Bet pee! 
| |__DatabeforeLOCKtT FF | 10 
ree ot —— ee ee 
[Ta Operating free-air temperature CdCI 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN74ALS232A 
Rasta eke MIN. TYP? MAX 
Veo = a BV. 
= 45Vto5.5V, IoH = —-0.4 mA 
lon = -1mA 
= IOH = —2.6 mA 
= loL = 24 mA 


VOL 


outputs 
Vie = 4.8 V. ini ene 0.25. 04 
FULL, EMPTY CC OH _ 


Veo = 5.5 V 75126 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics (see Note 1) 


Vcc = 5V. Vcc = 4.5 V to 5.5 V, 

Ci = 50 pF, Cy = 50 pF, 

FROM TO R1 = 500 0, R1 = 500 0, 

PARAMETER (INPUT) (OUTPUT) R2 = 500 0, R2 = 500 0, 

: Ta = 25°C Ta = MIN to MAX 
MIN TYP MAX PMN MAX 

Siete aes 
be hee end 


40 
MHz 
40 
2077 
) 


~ s}onpoig }ueWeHeueEW A1OWweW ISTA 


tais 


NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


D2876, JANUARY 1986 — REVISED MAY 1986 


@® Independent Asynchronous Inputs and SNSSALS2334.. - . J PACKAGE 
SN74ALS233A .. . DW OR N PACKAGE 
Outputs 
(TOP VIEW) 


@ Package Options Include Plastic ‘‘Small 
Outline’’ Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 


16 Words by 5 Bits Each 

Data Rates from 0 to 30 MHz 
Fall-Through Time . . . 24 ns Typ 
3-State Outputs 


scription SN54ALS233A .. . FK PACKAGE 
SN74ALS233A .. . FN PACKAGE 


(TOP VIEW) 


These 80-bit memories utilize Advanced Low- 
Power Schottky technology and feature high 
speed and fast fall-through times. They are 
organized as 16 words by 5 bits each. 


A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. These FIFOs are 
designed to process data at rates from O to 30 


~ VLSI Memory Management Products 


LDCK 
megahertz in a bit-parallel format, word by word. DO 
Data is written into memory on a low-to-high D1 
transition at the load clock input (LDCK) and is ) D2 
read out on a low-to-high transition at the unload D3 


clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LDCK signals will have no effect. When 
the memory is empty, UNCK signals have no 
effect. 


Status of the FIFO memory is monitored by the 
FULL, EMPTY, FULL— 1, and EMPTY +1 output 
flags. The FULL output will be low whenever the 
memory is full, and high whenever not full. The 
FULL—1 output will be low whenever the 
memory contains 15 data words. The EMPTY 
output will be low whenever the memory is 
empty, and high whenever it is not empty. The 
EMPTY +1 output will be low whenever one 
word remains in memory. 


A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and sets FULL, FULL— 1, and EMPTY + 1 high. The QO outputs are not reset to any specific logic level. The 
first low-to-high transition on LDCK, after either a RST pulse or from an empty condition, will cause EMPTY 
to go high and the data to appear on the QO outputs. It is important to note that the first word does not 
have to be unloaded. Data outputs are noninverting with respect to the data inputs and are at high impedance 
when the output enable input (OE) is low. OE does not affect the output flags. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 


RODUCTION DATA documents contain information 


a Copyright © 1986, Texas Instruments Incorporated 
irrent as of publication date. Products conform to ‘| 
iecifications per the terms of Texas Instruments TEXAS 
andard warranty. Production processing does not 7-13 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


logic symbolt 


FIFO 16X5 
CTR 


=0 (CT=16)G1 }—= FULL 
FULL—1 
EMPTY+1 
EMPTY 


OE 

DO Qo 
D1 Q1 
D2 Q2 
D3 Q3 
D4 Q4 


t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is O. 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


logic diagram (positive logic) 


RING COUNTER 
CTR DIV 16 1 
2 


3 
4 
5 
+ 6 
7 
8 


WRITE 9 
ADDRESS 10 


RING COUNTER 
CTR DIV 16 
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ADDRESS 
eee’ 440) 


RST 
00-8 U8 a 
D1 Q1 
D2 (7) (14) a2 
(8) (13) 
D3 5) (2) 0° 
D4 Q4 
EMPTY 
FULL 
Pp (2) FULL 
ie: Sh EMPTY+1 


Pin numbers are for D, J, and N packages. 
a j = 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


timing diagram 
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LDCK : L414 PLS Le LF LF LE 


INITIALIZE LOAD UNLOAD EMPTY FULL 
POINTERS Ww1 W2 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage. Vets = oh hie Key er pee ea en We es Fe Oi a oa ee Lv 
APAE VON. etc ey ss CAN CR SS ae ap od te ins See Se i RRA So eS ew ae 7V 
Voltage soplied 15.8 cisapinn co-mtate: OUINUt na ok oan eo ie Pa ee ee we 5.5 V 
Operating free-air temperature range: SN54ALS233A .............2....... =5S°C 16 125°C 

MPA err aA S05 eo Soe actos cv Spee ce O°C: te: 70°C 
Sr Orene. fener e@bite Tage: ) oo. bs tc ees es OE eS hoch ea eS +65 °C to- 150°C 
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SN54ALS233A, SN74ALS233A | 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


recommended operating conditions 


| MIN NOM MAX | MIN NOM MAX | ” 
oo) 
Voc Supply voltage P45 5 56) 45 5 55 S 
Vin High-level input voltage 2 
Vit__tow-level input voltage a er) oo Oe 
pies Scr 

IOH High-level output current i as mA a. 
Status flags ~ 
: 

IOL Low-level output current mA 
Status flags ee ee ee E 
f Clock frequenc ae = Ss : = MH S 

requ : z 
nil ats UNCK ; o 
RST low Ble eres te & 
LDCK tow Se eal Seeores: s 

tw Pulse duration DOK high 
| UNCK low AU RE Oe YE AE. ra 
UNCK high 2 
: Data before LDCKt POs (eek 

tery Setup time an aes ® 
Wey inactive eloretbcKh | 6 s 
th Hold time Data after LDCKT Ea Besos oui 
Ta Operating free-air temperature — 55 12 %) 


noted) 


a | 


electrical characteristics over recommended operating free-air temperature range (unless otherwise ao 


N54ALS233A SN74ALS233A — 
PARAMETER TEST CONDITIONS = aa UNIT 
MIN TYPTt MA MIN TYPT MAX 
ELE = = 18 mA 
Status flags Vec = 4.5V to 5.5 V, Ion = -0.4 mA 


V V = 4.5 V, | = —-1mA 
OH Q outputs cc OH is 
Vcc = 4.5 V, IOH = -—2.6 mA 
OL 


Vv 


Ce ounpats Vcc = 4.5 V, lol = 12 mA 
Vcc = 4.5 V, lol = 24 mA 
V = 4.5 V, | =4mA 
Status flags CC Ot 
Vcc = 4-5 V, lol = 8mA 
Veo = 88V,Vo=2.7V 
lOZL Vcc = 5.5 V, Vo = 04V 


[eer 


Vcc = 5.5 V 


T All typical values are at Vcc = 5V., Ta = 25°C. \ 
+ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


switching characteristics (see Note 1) 


Vec = 5V. Vec = 45 Vto 5.5 V, 
C_ = 50 pF, Cy = 50 pF, 
PARAMETER FROM TO R1 = 500 0, Ri = 500 0, 
(INPUT) (OUTPUT) R2 = 500 0, R2 = 500 2, 
Ta = 25°C Ta = —MIN to MAX 
| MIN TYP MAX | MIN MAX | MIN MAX _| 


ras Oe ee aera eer sean Sec ORR 
nas lout ag ee 
ae s2 [7 48 
tod 1929 | 9 35 [9 33 
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NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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UNIT 


Asynchronous Operation 
Organized as 64 Words of 4 Bits 
Data Rates from 0 to 30 MHz 
3-State Outputs 


Similar to MMI67401B with Higher Speed 
and 3-State Outputs 


@ Dependable Texas Instruments Quality 
and Reliability 


description 


The SN54ALS234 and SN74ALS234 are 
256-bit memories utilizing Advanced Low-Power 
Schottky IMPACT™ Technology. They feature 
high speed with fast fall-through times and are 
organized as 64 words by 4 bits. 


A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. The ‘ALS234 is 
designed to process data at rates from O to 30 
megahertz in a bit-parallel format, word by word. 


Data is written into memory on the rising edge 
of the Shift In input. When Shift In goes low, the 
first data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When 
the FIFO is full, additional Shift In pulses have 
no effect. Data is shifted out of memory on the 
falling edge of the Shift Out input (see Figure 2). 
When the FIFO is empty, additional Shift Out 
pulses have no effect. The last data word 
remains at the outputs until a new word falls 
through or RST goes low. 


SN54ALS234, SN74ALS234 


SN54ALS234. .. J PACKAGE 
SN74ALS234 ... D OR N PACKAGE 


(TOP VIEW) 


SN54ALS234 .. . FK PACKAGE 
SN74ALS234. . . FN PACKAGE 


(TOP VIEW): 


SHIFT IN {] 4 18L} OR 
DO 5 17U} GO 
NC {j6 16L} NC 
D1{j7 15{} Q1 
D2{)8 14] Q2 


9 

wo Wa Yow 
OG) Fe 
O2'z 


NC—No internal connection 
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64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 
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Status of the ‘ALS234 FIFO memory is monitored by the Output Ready (OR) and Input Ready (IR) flags. 
When the OR flag is high, valid data is available at the outputs. The OR flag is low when Shift Out is high 
and will stay low when the FIFO is empty. The IR status flag is high when the inputs are ready to receive 
more data. The IR flag is low when Shift In is high and stays low when the FIFO is full. 


When the FIFO is empty, input data is shifted to the output automatically when Shift In goes low. If Shift 
Out is held high during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 


When the FIFO is full, data can be shifted in automatically by holding Shift In high and taking Shift Out 
low. A propagation delay after Shift Out goes low, IR will go high. If Shift In is still high when IR goes 
high, data at the inputs are automatically shifted in. Since IR is normally low when the FIFO is full and 
Shift In is high, only a high-level pulse is seen on the IR output (see Figure 4). 


IMPACT is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 


current as of publication date. Products conform to J 
speetfieutions per > ee of Texas sp enh EXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INST RUMENTS 
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SN54ALS234, SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


DEPT I MEE EAT SS FEE 1 SLL TS OT EA ETP OETA | SE ENA PPTL NEILL DESY GS ET ELE AEDS LITE RN Es POOLS EIEN ES OIE PETS TS 
description (continued) 


The FIFO must be reset after power up with a low-level pulse on the Master Reset input (RST). This sets 
Input Ready (IR) high and Output Ready (OR) low signifying that the FIFO is empty. Re Resetting the FIFO 
sets the outputs to a low logic level (see Figure 1). If Shift In is high when RST goes high, the 
input data is shifted in and IR goes low and remains low until Shift In goes low. If Shift In goes low before 
RST goes high, the input data will not be shifted in and IR goes high. Data | outputs are : noninverting with 
respect to the data inputs and are at high impedance when Output Enable (OE) is high. OE does not affect 
the IR and OR outputs. 


The SN54ALS234 is characterized for operation over the full military temperature range of — 55°C to 
125°C. The SN74ALS234 is characterized for operation from O°C to 70°C. 


logic symboit 


FIFO 64x 4 


3CT>0 
(CT>0)G4 


(14) 


2CT <64 
(CT <64)G5 


5 s}onpoig }uowebeuey AoW; ISTA 


OE 
DO Qo 
D1 Q1 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


functional block diagram 


(4) (13) 


DO 
D1 62 x 4 BIT 
D2 REGISTER 


D3 


IR SHIFT 
REGISTER OUTPUT OUT 


CONTROL CONTROL 
LOGIC LOGIC OR 


Pin numbers shown are for D, J, and N packages. 
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SN54ALS234, SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


logic diagram (positive logic) 


WORD 2. WORD 1 
a le 
% ”n 
j= 
: -f>o—a0 } 5 
\ a 
J = 
Pesan at ic eee cco shunts uartaatecas oe phi Soe eee SSS Eg a1}3 
D2— ! | WORDS 4—62 ! q 
p3— : SAME AS 3 OR 63 - 
a) 
RST Star ieee 
SHIFT OUT 
SHIFT IN eo 


timing diagram 


CLEAR SHIFT IN SHIFT OUT EMPTY F 
W1 Ww2 } 


The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. 
While the output data is considered valid only when the OR flag is high, the stored data remains at the output. Any additional words 
written into the FIFO will stack up behind the first word and will not appear at the output until Shift Out is taken low. 
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SN54ALS234, SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


}e-tPLH > 
IR FULL | | | 
| | 
Ke—tPHL >| rin enue 
OR | EMPTY l 
| | 
¢—tpd 8 (ee | 


NOTE: SHIFT OUT is low 


FIGURE 1. MASTER RESET AND DATA IN WAVEFORMS 


SHIFT OUT | | 
| | | oa ; 
l | PLH >| 
OR | | | | 


SES -—_— ait 


IR FULL | 


| 
let td SOL-OX) 
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Q3-Q0 


| | ty >| 
d 
tdis > let ton ‘ 
NOTE: SHIFT IN is low 


FIGURE 2. DATA OUT WAVEFORMS 
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SN54ALS234, SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


2300 YK MRLY/WMl[RM{€ojjjjjyfjyj  www@|(/ttz 
tsu —e—se—th 
SHIFT IN pasieared Cokes Peace. wie uae Lerauas RI Seo tae 
| 
| 
SHIFT OUT . | 
le—teLr—he— tw— 


k¢—P1— ta(0V-ORH) 


Q3-Q0 INVALID x 


FIGURE 3. DATA FALL THROUGH WAVEFORMS 


SHIFT OUT 
| 
| ‘ 
SHIFT IN | | 
e—tp —}e— res —| 
IR FULL FULL 


300 YY YY YY Mull $$ ®Wii#zMlz 


FIGURE 4. AUTOMATIC DATA IN WAVEFORMS 
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SN54ALS234, SN74ALS234 | 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SURE AL a saan each ge ree Fgh ak waa Rem unicnenaneanl Dee 686 a eas Ss 7V 
VUIE VOID = ee anes Bote ES Ae Agee ALR 8 ee ns ERR RE OY Ge ae PE es a es iN 
Voltage applied ta a:disabled.S-state OutpuE 0 oss ek ny eA ee Oe RE rt ee ele 5.5 ¥ 
Operating free-air temperature range: SN54ALS234 ............ 2.0. .2 02 ee -— 55°C to 125°C 

NG gas ote ard w ach i Mere oe orc ta. 70°C 
Storage temperatite Tange ns sk eons ges hes tie SB aes he eee —65°C to 150°C 


recommended operating conditions 


SN54ALS234 SN74ALS234 
a ee = 
Vcc __ Supply voltage Ae eb eo ee oe 6 BET Vd 
Mi High-level IROL volings ee Sens Ogu Lao tena 
VIL Low-level input voltage a er ee, oS 
i] o 
pico é iR and OR 7:2 eT Se 
Re a Reopen iq kT AC amie oc aah 
OL ee iR and OR Se amor ee TO ee 
fac Chek inonar SHIFT IN or SHIFT OUT | 0.25{|_.0 +30 | My | 
SHIFT IN or SHIFT OUT 17 
tw Pulse duration high or low 
RST low SS ee ees Sl ea eee 
; ae ap PANO es 
tsy Setup time before SHIFT IN Tf 
RST high taactyel [16 ee aie 
th Hold time, data after SHIFT IN T Se SRE. 2. es 


t ) 


Operating free-air temperature 0 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN74ALS234 
MIN TYPt MAX 


TEST CONDITIONS 


Cc 
2 
= 


| 
ot 
Ls) 


ND 
~ 
w 
rs 


= 12 mA 
= 24 mA 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
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SN54ALS234, SN74ALS234 
64 <x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


switching characteristics (see Note 1) 


Vcc = 5V, Vcc = 4.5 V to 5.5 V, 
C_ = 50 pF, Cy. = 50 pF, 
1 = i = ; 
PARAMETER ee ba a = ce x s - 8 on 
(INPUT) (OUTPUT) ‘ 
A Ta = MIN to MAX 


3 SHIFT IN 
tial SHIFT OUT 


IR high 
OR high 
tod 


a eee Cn as 
| 
[tpg | SHIFT OUT | 
t 
1 
J 


pide Sy OR < y 
ei co OE ot 


T The IR output pulse occurs when the FIFO is full, Shift In is high, and Shift Out is pulsed (see Figure 4). 
+The OR output pulse occurs when the FIFO is empty, Shift Out is high, and Shift In is pulsed (see Figure 3). 
8 Data throughput or “’fall through’’ times 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


TYPICAL APPLICATION INFORMATION 


SHIFT OUT 


INPUT READY 
OUTPUT READY 


SHIFT IN 


MASTER RESET 


FIGURE 5. 192-WORD BY 12-BIT EXPANSION 
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SN54ALS235, SN74ALS235 
64 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


D2958, OCTOBER 1986 


Asynchronous Operation SN54ALS235 . . . J PACKAGE 
SN74ALS235 . . . DW OR N PACKAGE 

Organized as 64 Words of 5 Bits (TOP VIEW) 

Data Rates from 0 to 25 MHz 


3-State Outputs 


Dependable Texas Instruments Quality 
and Reliability 


description 


-The SN54ALS235 and SN74ALS235 are 
320-bit memories utilizing Advanced Low-Power 
Schottky IMPACT™ Technology. They feature 
high speed with fast fall-through times and are 
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organized as 64 words by 5 bits. SN54ALS235 . . . FK PACKAGE 
: SN74ALS235. . . FN PACKAGE 
A FIFO memory is a storage device that allows (TOP VIEW) 
data to be written into and read from its array 
at independent data rates. The ’ALS235 is “ 2 
designed to process data at rates from O to 25 = a 5 
megahertz in a bit-parallel format, word by word. u, ; e S 
pee | 
Data is written into memory on the rising edge x eS IS Ss ti 
of the Shift In input. When Shift In goes low, the TT 
first data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words SHIET Nn 4 Ta oeet SUT 
DOU 5 | 17\JOR 


stack up in the order they were written. When 
the FIFO is full, additional Shift In pulses have 
no effect. Data is shifted out of memory on the 
falling edge of the Shift Out input (see Figure 2). 


Di{}6 16[} QO 
D2} 7 15[}Q1 
D318 14, /Q2 


When the FIFO is emply, additional Shift Out on Vs 
pulses have no effect. The last data word a S 5 a Qj 
remains at the outputs until a new word falls cp ia 


through or RST goes low. 


Status of the ‘ALS235 FIFO memory is monitored by the Output Ready (OR), Input Ready (IR), Almost 
Full/Empty, and Half Full flags. When the OR flag is high, valid data is available at the outputs. The OR 
flag is low when Shift Out is high and will stay low when the FIFO is empty. The IR status flag is high 
when the inputs are ready to receive more data. The IR flag is low when Shift In is high and stays low 
when the FIFO is full. The Almost Full/Empty flag is high when the FIFO contains eight or less words (see 
Figure 5), or fifty-six or more words (see Figure 6). The Almost Full/Empty flag is low when the FIFO contains 
between nine and fifty-five words. The Half Full flag is high when the FIFO contains thirty-two or more 
words, and is low when the FIFO contains thirty-one words or less (see Figure 7). 


When the FIFO is empty, input data is shifted to the output automatically when Shift In goes low. If Shift 
Out is held high during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 


When the FIFO is full, data can be shifted in automatically by holding Shift In high and taking Shift Out 
low. A propagation delay after Shift Out goes low, IR will go high. If Shift In is still high when IR goes 
high, data at the inputs are automatically shifted in. Since IR is normally low, when the FIFO is full and 
Shift In is high, only a high-level pulse is seen on the IR output. 


IMPACT is a trademark of Texas Instruments 


PRODUCTION DATA documents contain information . i Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to ‘| 

— per bo bestow of Texas emeces par E 7-97 
standard warranty. Production processing does no = 
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description (continued) 


The FIFO must be reset after power up with a low-level pulse on the Master Reset input (RST). This sets 
Input Ready (IR) high and Output Ready (OR) low signifying that the FIFO is empty. Resetting the FIFO 
sets the outputs to a low logic level (see Figure 1). If Shift In is high when RST goes high, the input 
data is shifted in and IR goes low and remains low until Shift In goes low. If Shift In goes low before RST 
goes high, the input data will not be shifted in and IR goes high. Data outputs are noninverting with respect 
to the data inputs and are at high impedance when Output Enable (OE) is high. OE does not affect the 
status flag outputs (see Figure 2). 


The SN54ALS235 is characterized for operation over the full military temperature range of —55°C to 
125°C. The SN74ALS235 is characterized for operation from O°C to 70°C. 
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SHIFT IN OR 
SHIFT OUT ALMOST FULL/EMPTY 
HALF FULL 
IR 
RST 
OE 
DO Qo 
D1 Qi 
D2 Q2 
D3 Q3 
D4 a4 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54ALS235, SN74ALS235 
64 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


functional block diagram 
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64 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


SN54ALS235, SN74ALS235 
logic diagram (positive logic) 
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logic diagram (positive logic) (continued) 
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T The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. 
+ While the output data is considered valid only when the OR flag is high, the stored data remains at the output. Any additional words 
written into the FIFO will stack up behind the first word and will not appear at the output until Shift Out is taken low. 
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FIGURE 3. DATA FALL THROUGH WAVEFORMS 
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FIGURE 4. AUTOMATIC DATA IN WAVEFORMS 
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FIGURE 5. ALMOST EMPTY WAVEFORMS 
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FIGURE 6. ALMOST FULL WAVEFORMS 
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FIGURE 7. HALF FULL WAVEFORMS 
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SN54ALS235, SN74ALS235 
64 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY © 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply ‘voltage: VGC. ose es ee eee Bee dant Pee en ee aes Cea eran ae re 7V 
EMIT VOI ROD (oo see eas oo os Ge is Peet Ry ee le ee pee ig ye 7V 
Voltage applied to a disabled 3-state output.................222005- EP EIR perpen er ae 5.5: V 
Operating free-air temperature range: SN54ALS235 ........... 2.0... 00002 —55°C to 125°C 

EEA! 28, aie og eee EN ata eon ae OC to 70°C 
Sinaia: TerpOArate Tonge = oo ecco oe ee ee as oS en a eee Bed Fas Oe wae —65°C to 150°C 


recommended operating conditions 


LS235 SN74ALS235 


an Baad oes ey os eee es ee ae 
Vi __ High-level input voltage rg at, aes ne 
Vi____ Low-level input voltage fo a a sn a 
Guanes co eae ee 
sb reat mm cet “ery SS eae 
fOmeapis oe a ee ee ee 
IOL Low-level output current mA 
Ey eel ae eee eb ey 
hg Glock egiionay SHIFT INor SHIFT OUT |0. 20,0 25 | MHz 
SHIFT IN or SHIFT OUT 17 
tw Pulse duration high or low 
RST low Sea ss eae 
peer et ee ee ee ee 
tsy Setup time before SHIFT IN T 
RST high (inactive) Bir Sena ae SR eae! 
th Hold time, data after SHIFT IN 1 Sees a eee 
Ta Operating free-air temperature | ae ee ee 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER 7867 GONETHIONS SN54ALS235 SN74ALS235 


NIT 
MIN TYPtT MAX | MIN TYPt MAX ¥ 
Vee =45V, = -18mA Eg eee a2 V 


Vee =4.5V, lo = -1 mA a ee ep ee 

oft (Cd ean Sea ee ee 
Veo = 4.5V, lo = -0.4 mA 
Pi iis ae ses ce Ode 0k). 028 Oe 

ne Veo = 4.5V, lo, = 24 mA aetna Yer 
Veo = 4.5V, lol = 4 mA Pe ae at mae oe] 

Veo = 4.5V, lo, = @ mA Pe oe amet (oes ee 

Ten a a a ee imine <3 Sear 
Veo = 5.5V, Vo =04V WES 2 Se 
fi pa vee Bee TY BASORAE OER = ee es 
Veg S ESV. S27 V PEERS LEED RRR 3 
pT coho Sec Ob Wesan Cl eee ea 
igh i SSO Neg # BM Ng = 228 oS AL aad ee Se ee ae 
a een BERS (He. ae 

Ay Voc = 5.5 V 108170 | 108 160 | 
(2 ae SG ee 


T All typical values are at Vcc = 5 V, Ta = 25°C. . 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los 
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SN54ALS235, SN74ALS235 
64 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


switching characteristics (see Note 1) 


Vec = 5V. Vcc = 4.5 V to 5.5 V, 
‘ Ci = 50 pF, Cy = 50 pF, 
PARAMETER ERM ~ as = oe : s oa sa ; 
(INPUT) (OUTPUT) 
A = 25°C A = MIN to MAX 


fmax 
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fnew 4 
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ee 
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T The IR output pulse occurs when the FIFO is full, Shift In is high, and Shift Out is pulsed (see Figure 4). 
+The OR output pulse occurs when the FIFO is empty, Shift Out is high, and Shift In‘is pulsed (see Figure 3). 
Data throughput or ‘‘fall through’’ times 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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64 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


TYPICAL APPLICATION INFORMATION 


INPUT READY 


SHIFT IN 


FIGURE 8. 192-WORD BY 15-BIT EXPANSION 


SHIFT OUT 
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OUTPUT READY 


MASTER RESET 
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Asynchronous Operation 
Organized as 64 Words of 4 Bits 
Data Rates from 0 to 30 MHz 


Pin-Compatible with MMI67401B with 
Higher Speed 


@ Dependable Texas Instruments Quality 
and Reliability 


description 


The SN54ALS236 and SN74ALS236 are 
256-bit memories utilizing Advanced Low-Power 
Schottky IMPACT™ Technology. They feature 
high speed with fast fall-through times and are 
organized as 64 words by 4 bits. 


A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. The ‘ALS236 is 
designed to process data at rates from O to 30 
megahertz in a bit-parallel format, word by word. 


Data is written into memory on the rising edge 
of the Shift In input. When Shift In goes low, the 
first data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When 
the FIFO is full, additional Shift In pulses have 
no effect. Data is shifted out of memory on the 
falling edge of the Shift Out input (see Figure 2). 
When the FIFO is empty, additional Shift Out 
pulses have no effect. The last data word 
remains at the outputs until a new word falls 
through or RST goes low 


SN54ALS236, SN74ALS236 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


SN54ALS236 ... J PACKAGE 
SN74ALS236 .. . D OR N PACKAGE 


(TOP VIEW) 


SN54ALS236 .. . FK PACKAGE 
SN74ALS236. . . FN PACKAGE 


(TOP VIEW) 
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NC —No internal connection. 
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Status of the ’ALS236 FIFO memory is monitored by the Output Ready (OR) and Input Ready (IR) flags. 
When the OR flag is high, valid data is available at the outputs. The OR flag is low when Shift Out is high 
and will stay low when the FIFO is empty. The IR status flag is high when the inputs are ready to receive 
more data. The IR flag is low when Shift In is high and stays low when the FIFO is full. 


When the FIFO is empty, input data is shifted to the output automatically when Shift In goes low. If Shift 
Out is held high during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 


When the FIFO is full, data can be shifted in automatically by holding Shift In high and taking Shift Out 
low. A propagation delay after Shift Out goes low, IR will go high. If Shift In is still high when IR goes 
high, data at the inputs are automatically shifted in. Since IR is normally low when the FIFO is full and 
Shift In is high, only a high-level pulse is seen on the IR output (see Figure 4). 


IMPACT is a trademark of Texas Instruments 


PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i} 

ee per i or of Texas hag mete TEXAS 
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POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN54ALS236, SN74ALS236 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


description (continued) 


The FIFO must be reset after power up with a low-level pulse on the Master Reset input (RST). This sets 
Input Ready (IR) high and Output Ready (OR) low signifying that the FIFO is empty. Resetting the FIFO 
sets the outputs to a low logic level (see Figure 1). If Shift In is high when RST goes high, the input data 
is shifted in and IR goes low and remains low until Shift In goes low. If Shift In goes low before RST goes 
high, the input data will not be shifted in and IR goes high. Data outputs are noninverting with respect 
to the data inputs. 


The SN54ALS236 is characterized for operation over the full military temperature range of —55°C to 
125°C. The SN74ALS236 is characterized for operation from O°C to 70°C. 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


functional block diagram 
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Pin numbers shown are for D, J, and N packages. 
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logic diagram (positive logic) 
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T The last.data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. 
+ While the output data is considered valid only when the OR flag is high, the stored data remains at the output. Any additional words 
written into the FIFO will stack up behind the first word and will not appear at the output until SHIFT OUT is taken low. 
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SN54ALS236, SN74ALS236 
64 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 
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FIGURE 1. MASTER RESET AND DATA IN WAVEFORMS 
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FIGURE 2. DATA OUT WAVEFORMS 
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FIGURE 3. DATA FALL THROUGH WAVEFORMS 
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FIGURE 4. AUTOMATIC DATA IN WAVEFORMS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SEU Vie ee rae eee ee eee tenn ae es ee RE roe Dik Sega ty ee teA ghia d & 7V 
UPREM AE Eee ne. eo 5s Sak Seca Oe me NE ae eet saat x 0) kee pes ee Ris SE RE wa ss 7V 
Operating free-air temperature range: SN54ALS236 ..................0005. —55°C to 125°C 

Sg 0 SSS | a ae a eee Gouge ates O°C-to: 70°C 
Siorage tairiperature renge 6 sc Sie se ee Cleat eae ose eee — 65°C to:150°C 


recommended operating conditions 


; pee ee ee 


¥ecr Supply voltage 
VIH High-level input voltage 
VIL Low-level input voltage 


| 
IOH High-level output current 
'OL : 


Low-level output current 


tw Pulse duration 


ts Setup time before SHIFT IN T 
; RST high (inactive) 


ee 
th Hold time, data after SHIFT IN Tf 
TA Operating free-air temperature 
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noted) 


[sneaais236 | SN74aLs236 
PARAMETER TEST CONDITIONS 

MIN TYPTt MAX MIN TYPTt MAX 
Veo =45V, = tama a 


Vec = 4.5 V, lIoH = -—1 mA 
Vec = 4.5 V, lIoOH = —2.6 mA 
Vcc = 4.5 V, lIoOH = —0.4 mA 
Vec = 4.5 V, lol = 12 mA 
Vcc = 4.5 V, lol = 24 mA 


Vcc = 4.5 V, lol = 4 mA 
Vcc = 4.5 V, lol = 8mA 
Vcc = 5.5 V, Vi=7V 
Vcc = 5.5 V, Vi =2.7V 
Vcc = 5.5 V, Vv} = 0.4 V 


Vcc = 5.5 V, Vo = 2.25 V 


ICCL 
ICCH 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
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switching characteristics (see Note 1) 


Vcc = 5V, 

Cy = 50 pF, 

FROM TO R1 = 500 0, 

PARAMETER R2 = 500 0, 
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Ta = 25°C 
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SHIFT OUT | 


Vec = 4.5 V to 5.5 V, 
C, = 50 pF, 

R1 = 500 Q, 

R2 = 500 0, 

Ta = MIN to MAX 
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T The IR output pulse occurs when the FIFO is full, Shift In is high, and Shift Out is pulsed (see Figure 4). 
+The OR output pulse occurs when the FIFO is empty, Shift Out is high, and Shift In is pulsed (see Figure 3). 


8 Data Throughput or ‘‘fall through’’ times 


NOTE 1: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986: 
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TYPICAL APPLICATION INFORMATION 
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FIGURE 5. 192-WORD BY 12-BIT EXPANSION 
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SN74ACT7201A ... N PACKAGE 
(TOP VIEW) 


Asynchronous Operation 
@ Organized as 512 Words of 9 Bits 


@ Lower Power Consumption 
Active... 400 mW 
Power Down...3 mW 
Standby ...44 mW 


@ Fully Expandable in Word Width and/or 
Word Depth 


@ Designed to be Compatible with IDT7201A 
But with Lower Power Consumption 


e EPIC™ (Enhanced Performance Implanted 
CMOS) 1-um Process 


e Reliable Advanced CMOS Technology 
e Fully TTL-Compatible 


For chip carrier information contact the factory. 


description 


This 4608-bit memory uses Advanced CMOS Technology and features high apPPE and fast fall-through times. 
The 'ACT7201A is organized as 512 words by 9 bits each. 


A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The function is used as a buffer to couple two buses operating at different clock rates. The 
'ACT7201A is designed to process data at rates from 0 to 28.5 MHz in a bit-parallel format, word by word. 


Data is written into the memory on a low-to-high transition at the Write Clock (WCLK) input, and is read out of 
the memory on a high-to-low transition at the Read Clock (RCLK) input, (see Figure 1). The data outputs are 
noninverting with respect to the data inputs and are in a high-impedance state when RCLK is high. The 
memory is full when the number of words clocked in exceeds by 512 the number of words clocked out. When 
the memory is full, write signals have no effect on the data residing in memory. When the memory is empty, 
read signals have no effect, and the data outputs remain in a high-impedance state. 


Status of the FIFO memory is monitored by the Full Flag (FULL), Empty Flag (EMPTY), and Expansion Enable 
Out/Half Full Flag (XEO/HF). The FULL output is low when the memory is full, and high when the memory is 
not full (see Figure 2). The EMPTY output is low when the memory is empty, and high when it is not empty 
(see Figure 3). When cascading two or more devices for word-depth expansion, XEO/HF functions as an 
Expansion Enable Out output. When the ‘ACT7201A is used as a 512-word FIFO memory (no word-depth 
expansion), the XEO/HF output functions as a Half Full Flag. This 512-word memory mode is defined by 
grounding the Expansion Enable In (XEl) input of the device. In this mode, XEO/HF is low whenever the FIFO 
contains 257 or more words, and is high whenever the FIFO contains 256 or less words (see Figure 8). 


The First Load/Retransmit (FL/RT) input performs two separate functions. When cascading two or more 
devices for word-depth expansion, FL/RT functions as a first-load input and is grounded on the first device in 
_ the daisy chain to indicate that it is the first device loaded and unloaded. When the 'ACT7201A is used as a 
512-word FIFO memory, the FL/RT input performs the retransmit function. In this mode, a low-level pulse on 
the FL/RT input resets the read pointer to the first memory location to allow for retransmission from the 
beginning of data entered. The write pointer is not affected by the FL/RT input. RCLK and WCLK must be ata 
high level during the low-level FL/RT retransmit pulse (see Figure 4). The retransmit operation will affect the 
value of the Half Full Flag (XEO/HF) by changing the position of the read pointer relative to the write pointer. 


The retransmit feature should be used only when less than 512 writes are performed between resets, 
otherwise, an attempt to retransmit may cause loss of some data that has not yet been read. 
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description (continued) 
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When the FIFO is empty, a data word can be read automatically at the Q outputs by holding RCLK low when 
loading in the data word with a low-level pulse on the WCLK (see Figure 5). 


When the FIFO is full, a data word can be written automatically into memory by holding WCLK low while 
reading out another data word with a low-level pulse on RCLK (see Figure 6). 


The FIFO must be reset after power up with a low level pulse on the Reset (RST) input. This resets the read 
and write internal stack control pointers to the first memory location, and also sets EMPTY low, FULL high, and 
XEO/HF high. Both the RCLK and WCLK inputs must be at a high level during reset (see Figure 7). 


The 'ACT7201A is fully cascadable in word-width and/or word-depth over the specified temperature range. 
Word-width expansion (see Figure 13) is accomplished by connecting together the corresponding input 
control signals of the cascaded devices. The status flags (EMPTY, FULL, and XEO/HF) can be monitored from 
any one of the cascaded devices. The XEI input of each device in the word-width expansion should be 
grounded. Word-depth expansion (see Figure 14) is also accomplished by connecting together the 
corresponding input control signals of the cascaded devices. The FL/RT input, on the first device in the daisy 
chain, is grounded to designate it as the first device loaded and unloaded. The FL/RT inputs of all the other 
devices in the daisy chain must be tied high. The Expansion Enable Out (XEO/HF) output of each device in 
the word-depth expansion is connected to the XEI input of the next device in the daisy chain. After reset, the 
RCLK and WCLK inputs are enabled on the first device in the daisy chain. The RCLK and WCLK inputs of all 
the other devices are disabled. When the last word location of the first device is written into, the XEO output 
pulses low, enabling the WCLK of the next device in the daisy chain. Similarly, when the last word location of 
the first device is read from, the XEO output pulses low, enabling the RCLK of the next device in the daisy 
chain (see Figure 9). Control of read and write continues this progression through the daisy chain in a circular 
queue fashion. In word-depth expansion, a composite EMPTY and FULL must be generated by ORing the 
corresponding flags together. In addition, word-width and word-depth expansion can be applied together to 
create large FIFO arrays (see Figure 15). 


The SN74ACT7201A is characterized for operation from 0°C to 70°C. 


logic symbolt 


FIFO 512 x9 
> 
‘ACT7201A 


2(CT = 511)G6 
4(CT = 511)G6 


_.. (23) EMPTY 


Tt This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 


DATA INPUTS LOCATION 1 
DO-D8 
LOCATION 2 


WATE WRITE WRITE ee READ 
WCLK ee 
CONTROL POINTER ea: POINTER 
DATA OUTPUTS 
Q0-08 
RS 
ie RESET ; 
FL/RT LOGIC STATUS FULL 


EXPANSION aes 
XEO/HF 
XEl LOGIC 


RESET AND RETRANSMIT FUNCTION TABLE 
512 WORD BY N x 9-BIT OPERATION 


INPUTS INTERNAL TO DEVICE 
(SN gare fe FUNCTION '° 
RST FL/RT l READ POINTER WRITE POINTER 


E 
L X L {Location Zero Location Zero | Reset Device 
H L L |Location Zero Unchanged Retransmit 
H H L | Increment if EMPTY high Increment if FULL high Read/Write 
RESET AND FIRST LOAD FUNCTION TABLE 
FUNCTION 


M x 512 WORD BY WN x 9-BIT OPERATION 
Location Zero Location Zero Reset First Device 


Reset All 
Other Devices 
X xX Read/Write 


Location Zero Location Zero 


vq] amb 


El is connected to XEO/HF of the previous device in the daisy chain. 
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SN74ACT7201A-25, SN74ACT7201A-35, SN74ACT7201A-50 
912 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


5S, Be Data Inputs 


EMPTY 24 jo | Empty flag output. The empty flag (EMPTY) output is low when the FIFO memory is empty, and high when the memory 


FUL Ss oO. 


is not empty. When the memory is empty, additional read operations are inhibited. 


Full flag output. The full flag (FULL) output is low when the FIFO memory is full, and high when the memory is not full. 
When the memory is full, additional write operations are inhibited. 


First load/retransmit input. This input performs two separate functions. When cascading two or more devices for word- 
depth expansion, the FL/RT input is grounded on the first device in the daisy chain to indicate that it is the first device 
loaded and unloaded. It is connected high on the other devices. In single-device operation or in word-width expansion, 
the FL/RT input initiates the retransmit function. In this mode, a low-level pulse on the FL/RT input resets the read 
pointer to the first memory location to allow for retransmission from the beginning of data entered. The write pointer is 
not affected by the FL/RT input. The RCLK and WCLK must be at a high level during the low level FL/RT retransmit 
pulse. The retransmit feature should be used only when less than 512 writes are performed between resets, otherwise, 
an attempt to retransmit may cause loss of some data that has not yet been read. 


Read clock input. If the FIFO is not empty (i.e., EMPTY is high), data is read from the FIFO on RCLK input high-to-low 
transition. 


Master Reset Input. A low level pulse on the Master Reset input (RST) resets the FIFO. This sets the EMPTY output low 
and the FULL output high, indicating that the FIFO is empty. RCLK and WCLK must both be at a high level during reset. 


Supply voltage 


Write clock input. If the FIFO is not full (i.e., FULL is high), data is written into the FIFO on a low-to-high transition at the 
WCLK input. 


Expansion Enable Input. When cascading two or more devices for word-depth expansion, the XEl input is connected to 
the XEO output of the previous device in the daisy chain. The XEI input is grounded when no word- -depth expansion is 
desired. 


Veo 28] 


Expansion Enable Out/Half Full Flag Output. This output performs two separate functions. When cascading two or more 
devices for word- -depth expansion, the XEO/HF output is connected to the XEI input of the next device in the daisy 
chain. When the FIFO is used as a 512-word memory, the XEO/HF output functions as a Half Full Flag. In this mode, 
XEO/HF is low whenever the FIFO contains 257 or more words, and is high whenever the FIFO contains 256 words or 
less. 
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ibsolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Bi NORDOG LV Et AGOGO TV). ra re a es a a Rs ee ees Bes he -0.5Vto7V 
HISSLA en TeMNIE, GIVEN NEN Coe a ene 220 etn woke ses eral Pe eee bee beeen plen ot —-0.5Vto7 V 
VONAGE AD DNGTENO f-CiSmUIeO o-SIale WOU ti Sr a ong eek Sere ee eee eee ee 5.5-¥ 
Operating free-air teraperature range: is. es ee ee oie Meee le Ry es Ses 0°C to 70°C 
Sores: lomperatire-TAN0e acs). 5. a Gov Bie ne SE Cee ee cag eiva as Howes —65°C to 150°C 


IOTE 1: All voltage values are with respect to GND. 


ecommended operating conditions 


V6 SunBly wae 
ViH_ High-level input voltage Gabeae Sei egas See 
Vit Low-level input voltage ea ee Ss ee 
IoH High-level output current Rte ee 
lo, Low-level output current Stites See. a: 


Ta Operating free-air temperature 6 


lectrical characteristics over recommended operating free-air temperature range, VCC = 5.5 V 
unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 


VoH _ High-level output voltage 
VoL__Lov-level output voltage 
iozH High-impedance-state outputcurrent. __|Vo=27V SS SC*dSCCC*~‘“‘(CSCSCCVOCT OMA CY 
IOZL_High-impedance-state output current 
i,___Input current 
f = 28.5 MHz for ‘ACT7201A-25, 
loc1 Supply current "| f = 22.2 MHz for 'ACT7201A-35, mA 
f = 15 MHz for '‘ACT7201A-50 
loca _ Standby current [ROLK,WOLK RST, andFURTatVin | SSC | 
ioc __ Power down current awe 080 et eee 
Ci ___ Input capacitance 
Co Output capacitance ong. ee ee es es 


All typical values are at Voc = 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-ai 
temperature (unless otherwise noted) 


PARAMETER 


clock Clock frequency, RCLK or WCLK 
tc(R) Cycle time, read 


—s 
— 
ley 
— 


tc(w) Cycle time, write 
tc(RS) Cycle time, reset 


tc(RT) Cycle time, retransmit 
tw(RL) Pulse duration, RCLK low 
tw(WL) Pulse duration, WCLK low 


tw(RH) Pulse duration, RCLK high 
Pulse duration, WCLK high 
Pulse duration, FL/RT low 


Pulse duration, RST low 


— 


tw(XIL) Pulse duration, XEI low 
(XIH) Pulse duration, XEI high 
(D) Setup time, data before WCLKt 


t Setup time, RCLK and WCLK high 
su(RT) before FL/RT* 


Setup time, RCLK and WCLK high 
'su(RS) before RST+ 


-R) Setup time, XEI low before RCLK] 


= 


ot 
” 
: 


2 Setup time, XEI low before WCLK] 


Hold time, data after WCLKf 


th(E-R) Hold time, RCLK low after EMPTY* 


th(F-W) Hold time, WCLK low after FULLf 


thi 


wD 
a 


FL/RTf 


z= 
D 
4 
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RSTt 


2|2|2 
a ID 
OHj3Al\=z 


Hold time, RCLK and WCLK high after 


Hold time, RCLK and WCLK high after 


nate, ee eee ae 
na [MN 
Bees Bae SS le ee 
ee eee 
Sea ee eee 
ae eee es ee ee 
es ree 
Bae Sa ee Se. es Ab 
Hire. eae We, ees See. eae: Nao eee 
a a ee 
aie eae a 
eee a ee 
Se SN et eee eee 


Ww 
on 


wo 
ao 


EN sdk eT silk 
on 

aah pat ea 

on oO on 


on 


toe) 
ao 


ie) 
on 


—s 
oO 
=) 


Bere : 
art 
oO 
oO 


UNIT 


MHz 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 


ns 
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data out valid 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 
| FrOURE 'ACT7201A-25 | 'ACT7201A-35 | 'ACT7201A-50 
PARAMETER : 
fmax Clock frequency, RCLK or WCLK pee ae 
‘e Access time, RCLK | or EMPTY ¢ to ne 


tv(RH) Valid time, data out valid after RCLK ¢ 


Enable time, RCLK | to Q outputs at low 


Enable time, WCLK ¢ to Q outputs at 
‘en(W-QX) ow impedance 


a Disable time, RCLK ¢ to Q outputs at 
dis(R) high impedance 


1(a 
1 


Pulse duration, FULL high in automatic 
write mode 


Pulse duration, EMPTY high in eae] 


ed 
on 


automatic mode 


Propagation delay time, WCLK | to 
t eee 
P(W-F) FULL low 


» 


re 
N| 
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a) 
la 
Propagation delay time, RCLK f to FULL 
tp(R-F) high 2,6 
7 
7 


Propagation delay time, RST | to FULL 
‘p(RS-F) high | | 


Propagation delay time, RST | to XEO/ kega 


Le) 
oO 


Propagation delay time, RCLK f to XEQ/ 
'p(R-HF) AF high 


wo 
on 


nN 

on 

wo Ww 

or oO 

uw 

" ¥ 
3 
” 


Q 


Propagation delay time, RCLK | to XE 


'p(R-XOL) FE low 


| 
ie) > a= w ie) 
on on oO oO oO 


'p(RS-HF) AF high 

to(W-E) EMBTY high delay time, WCLK ¢ to tes 25 

tire) ee delay time, RCLK | to eee 

ae i 

totw-HF) BN delay time, WCLK | to ee 
ees 
as 


Propagation delay time, WCLK J to 
'p(W-XOL)  XEG/HF low 


Q 


Propagation delay time, RCLK f to XE 
'p(R-XOH) AF high 


w 
on 


Propagation delay time, WCLK f to 
‘p(W-XOH)  XEG/HF high 
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PARAMETER MEASUREMENT INFORMATION 


ke t-(r) —————_9*——— tw irk) ——0| 
| 


) }¢——-b}- twiRH) ) 
| 
k——ta——_>| | ey he 
| | | l | 
RCLK | | 
ten(R-QX)-+¢————>} | jd bv RH | k¢——— tgis(R) ——>| 
! | | OK KKK YYY | | 
Q0-08 rere’ ’ 


Wl 1, ry A \0,0,0,0, 


(a) READ 


—— oo 
be tw wi) ————}e twit} 4 
| 


K¢e— tsu(D)—d}¢— thiD) 9} 
| | 
(b) WRITE 
FIGURE 1. ASYNCHRONOUS WAVEFORMS 


WCLK \ f : 


| 
k¢———1-tp(W-F) k¢—tp(R-F) 
| | 


FULL K 7 


FIGURE 2. FULL FLAG WAVEFORMS 
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PARAMETER MEASUREMENT INFORMATION 


DO-D8 


FIGURE 3. EMPTY FLAG WAVEFORMS 


}—__—_________—— tc(rT) 
}¢————tw(rRT) —————9 


| Sane: | 
FL/RT ‘ f | 
| 


MUM —_— | [one ene 
WCLK, RCLK | 
i 


' 
kK— tsu (RT) —PH— thint) 


FIGURE 4. RETRANSMIT WAVEFORMS (see Note 2) 
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FIGURE 5. AUTOMATIC READ WAVEFORMS 


)TE 2: The EMPTY, FULL, and XEO/HF status flags will be valid after completion of the retransmit cycle. 


XAS 4 a 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


NOILVINYOANI JONVACGV 5 syonpoid jueweBeuew AoweW IS 1A 


SN74ACT7201A-25, SN74ACT7201A-35, SN74ACT7201-50 
012 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


PARAMETER MEASUREMENT INFORMATION 


\e—twiFH}—>]_ | 
—>| ke—thid) 


| 
: | 
Me tsi) ae 


FIGURE 6. AUTOMATIC WRITE WAVEFORMS 


—_—————————————— tc (RS) — 
-—___—twirs)—_——_ 


Oi, aU. os ama 


| 
WCLK/RCLK | 
| | 


K—tsuiRs) PHe— thins) —>y 
EMPTY 
| 


}¢———tp(rs-e) ———_»| 
| 
| 


kt tpirs-Hr) ——I 
tins 
FIGURE 7. MASTER RESET WAVEFORMS 
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PARAMETER MEASUREMENT INFORMATION 


256 WORDS IN MEMORY | 257 WORDS IN MEMORY | 256 WORDS IN MEMORY 
WCLK | 
| 
| 
| 
le tpin-F) >| 


| 

! 

, 

ees | 

| | | 
| 


XEO/HF 
OO ee, Ce ee ee 


FIGURE 8. HALF-FULL FLAG WAVEFORMS 
WCLK WRITE TO LAST om 
WORD LOCATION 
| 


| | 
1 
RCLK READ FROM LAST 
| | WORD LOCATION 
2 Ci E tp(W-XOL) fart tp(W-XOH) $$ tp(R-XOL) kK ++ toin-xor 
aed ap ORNS Sutil, Re 2c 


FIGURE 9. EXPANSION-OUT WAVEFORMS 


tw(XIH) ————> 
eee, tw(XIL) — | 
XEl 


tsu(XI-W) : 
WCLK WRITE TO FIRST 
\ WORD LOCATION / | 
pai la 
RCLK READ FROM FIRST 
WORD LOCATION / 


FIGURE 10. EXPANSION-IN WAVEFORMS 
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SN74ACT7201 A-25, SN74ACT7201A-35, SN74ACT7201A-50 
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PARAMETER MEASUREMENT INFORMATION 


5V 
1100 2 
FROM OUTPUT 
UNDER TEST 
680 2 30 pFt 
Tincludes probe and jig capacitance. 
FIGURE 11. CIRCUIT 
TIMING HIGH-LEVEL 
INPUT 1.5V PULSE 1.5V 1.5 V 
heir ak oat eae GND GND 
es, SEN 
it Pe th 
ae \ ET }¢—— ty ———_ 
DATA | ‘x | 3V 
INPUT 1.5 V 1.5V LOW-LEVEL 1.5V 1.5 V 
GND PULSE 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 


te < 5ns 
‘\e-t, < 5ns 2 Z 
1 


I Vo. +0.5 Vv 
| 


3-STATE OUTPUTS (Q0-Q8) 


VOLTAGE WAVEFORMS 
PULSE DURATION 


STANDARD CMOS OUTPUTS (EMPTY, FULL, XE 


o 
al 
an 


FIGURE 12. TIMING REFERENCE LEVELS 
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TYPICAL APPLICATION DATA 


SN74ACT7201A 
1 
DO-D18 E Q0-018 
WCLK EMPTY 
RCLK FULL 
FURT XEO/HF 
(STN (see Note 3) 
RST 
EMPTY 
FULL 
XEO/HF 
(see Note 3) 


NOTE 3: In word-width expansion, the status flags EMPTY, FULL, and XEO/HF can be monitored from either one of the cascaded devices. The 
status flag outputs must not be tied together. 


( FIGURE 13. WORD-WIDTH EXPANSION: 512-WORD BY 18-BIT 


ADVANCE INFORMATION s VLSI Memory Management Products 


Texas W | was 
INSTRUMENTS | 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ACT7201 A-25, SN74ACT7201A-35, SN74ACT7201A-50 
912 <x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


TYPICAL APPLICATION DATA 


SN74ACT7201A 


DO-D8 Q0-Q8 
WCLK 
RCLK 


RST 


Vcc 


FIGURE 14. WORD-DEPTH EXPANSION: 1536-WORD BY 9-BIT 
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TYPICAL APPLICATION DATA 


Q0-08 Q0-Q17 Q0-Q26 


Q0-08 ; 018-026 
‘ACT7201A ‘ACT7201A ‘ACT7201A 
NCLK, RCLK, 1536 WORD-DEPTH 1536 WORD-DEPTH 1536 WORD-DEPTH 
RST EXPANSION BLOCK EXPANSION BLOCK EXPANSION BLOCK 
DO-D8 D18-D26 


DO-D26 D9-D26 D18-D26 


FIGURE 15. 1536-WORD BY 27-BIT EXPANSION 
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D3056, NOVEMBER 1987 


Asynchronous Operation SN74ACT7202 . . . N PACKAGE 
(TOP VIEW) 


Organized as 1024 Words of 9 Bits 


@ Low Power Consumption 
Active .. . 440 mW 
Power Down... 3 mW 
Standby .. . 44 mW 


@ Fully Expandable in Word Width and/or 
Word Depth 


@ Designed to be Compatible with IDT7202 
But with Lower Power Consumption 


@ EPIC™ (Enhanced Performance Implanted 
CMOS) 1-ym Process 


Reliable Advanced CMOS Technology 
Fully TTL-Compatible 


For chip carrier information contact the factory. 
description 


This 9216-bit memory uses Advanced CMOS Technology and features high speed and fast fall-through 
times. The ‘ACT7202 is organized as 1024 words by 9 bits each. 


A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The ‘ACT 7202 is designed to process data at rates from 0 to 22 MHz in a bit-parallel format, 
word by-word. 


Data is written into the memory on a low-to-high transition at the Write Clock (WCLK) input, and is read 
out of the memory on a high-to-low transition at the Read Clock (RCLK) input, (see Figure 1). The data 
outputs are noninverting with respect to the data inputs and are in a high-impedance state when RCLK 
is high. The memory is full when the number of words clocked in exceeds by 1024 the number of words 
clocked out. When the memory is full, write signals have no effect on the data residing in memory. When 
the memory is empty, read signals have no effect, and the data outputs remain in a high-impedance state. 


Status of the FIFO memory is monitored by the Full Flag (FULL), Empty Flag (EMPTY). The FULL output 
is low when the memory is full, and high when the memory is not full (see Figure 2). The EMPTY output 
is low when the memory is empty, and high when it is not empty (see Figure 3). 


The First Load/Retransmit (FL/RT) input performs two separate functions. When cascading two or more 
devices for word-depth expansion, FL/RT functions as a first-load input and is grounded on the first device 
in the daisy chain to indicate that it is the first device loaded and unloaded. When the ‘ACT7202 is used 
as a 1024-word FIFO memory, the FL/RT input performs the retransmit function. This 1024-word memory 
mode is defined by grounding the Expansion Enable Input (XEl) of the device. In this mode, a low-level 
pulse on the FL/RT input resets the read pointer to the first memory location to allow for retransmission 
from the beginning of data entered. The write pointer is not affected by the FL/RT input. RCLK and WCLK 
must be at the high level during the low-level FL/RT retransmit pulse (see Figure 4). 


The retransmit feature should be used only when less than 1024 writes are performed between resets, 
otherwise, an attempt to retransmit may cause loss of some data that has not yet been read. 


When the FIFO is empty, a data word can be read automaticallly at the Q outputs by holding RCLK low 
when loading in the data word with a low-level pulse on the WCLK (see Figure 5). 


When the FIFO is full, a data word can be written automatically into memory by holding WCLK low while 
reading out another data word with a low-level pulse on RCLK (see Figure 6). 


EPIC is a trademark of Texas Instruments Incorporated. 
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description (continued) 
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The FIFO must be reset after power up with a low level pulse on the Reset (RST) input. This resets the 
read and write internal stack control pointers to the first memory location, and also sets EMPTY low and 
FULL high. Both the RCLK and WCLK inputs must be at a high level during reset (see Figure 7). 


The ‘ACT7202 is fully cascadable in word-width and/or word-depth over the specified temperature range. 
Word-width expansion (see Figure 10) is accomplished by connecting together the corresponding input 
control signals of the cascaded devices. The status flags EMPTY and FULL can be monitored from any 
one of the cascaded devices. The XEI input of each device in the word-width expansion should be grounded. 
Word-depth expansion (see Figure 11) is also accomplished by connecting together the corresponding input 
control signals of the cascaded devices. The FL/RT input, on the first device in the daisy chain, is grounded 
to designate it as the first device loaded. The FL/RT inputs of all the other devices in the daisy chain must 
be tied high. The Expansion Enable Out (XEO) output of each device in the word-depth expansion is 
connected to the XEI input of the next device in the daisy chain. A composite EMPTY and FULL must 
be generated by ORing the corresponding flags together. In addition, word-width and word-depth expansion 
can be applied together to create large FIFO arrays (see Figure 12). 


The SN74ACT7202 is characterized for operation from O0°C to 70°C. 


logic symbolt 


FIFO 1024x9 


& 
‘ACT7202 
rst 22) — 2,4 CT=0 [RST] 
(1) (8) 
nes mbes 
= 
pic (CT (oomieefacs 
ane; eS : 
ve . (21) 
Spo) EMPTY 
FL/RT ee iad LOAD] 
Sj 2,4 [REXMIT] (20) 
(15) a XEO 
RCLK ne - 
P15 
ie 
po fio ao 
ey 
ee 3 RES wee 
a ee ee 
ef pe WADARS oe, 
Sah es SEE ORRGIEB EN pe 
od gy ERLE 
eT ges REMERON coc 
2 
Orerrbiss. 0 fu) ane rc eaereee 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12 
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functional block diagram 


DATA INPUTS LOCATION 1 
DO-D8 
LOCATION 2 


etre: WRITE WRITE 1024 x 9 READ 
WCLK 
CONTROL POINTER eos RAM Aaa POINTER 
LOCATION 1023 
DATA OUTPUTS 
LOCATION 1024 ae mae 


a RESET 
FL/RT LOGIC FULL 
bc coors ae poe 
ie READ 
RCLK CONTROL 
EXPANSION MES 


XE LOGIC 


RESET FUNCTION TABLE 


1024 WORD BY N X 9-BIT OPERATION 


FUNCTION 


Location Zero Reset Device 
Location Zero Unchanged Retransmit 
Increment if EF high | Increment if FF high Read/Write 


FIRST LOAD/RETRANSMIT FUNCTION TABLE 


M X 1024 WORD BYN X 9-BIT OPERATION 


INPUTS INTERNAL TO DEVICE OUTPUTS 
7 a FUNCTION 
RST  FL/RT XEl READ POINTER WRITE POINTER 


Location Zero Location Zero Reset First Device 
Reset All 
Other Devices 
Xx Read/Write 


Location Zero Unchanged 


TXEI is connected to XEO of the previous device in the daisy chain. 
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SN74ACT7202-35, SN74ACT7202-50 
1024 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


i ee, Data Inputs 


Empty flag output. The empty flag (EMPTY) output is low when the FIFO memory is empty, and high when the 
memory is not empty. When the memory is empty, additional read operations are inhibited. 


Full flag output. The full flag (FULL) output is low when the FIFO memory is full, and high when the memory 
is not full. When the memory is full, additional write operations are inhibited. 


First load/retransmit input. This input performs two separate functions. When cascading two or more devices 
for word-depth expansion, the FL/RT input is grounded on the first device in the daisy chain to indicate that 
it is the first device loaded and unloaded. It is connected high on the other devices. In single-device operation 
or in word-width expansion, the FL/RT input initiates the retransmit function. In this mode, a low-level pulse 
on the FL/RT input resets the read pointer to the first memory location to allow for retransmission from the 
beginning of data entered. The write pointer is not affected by the FL/RT input. The RCLK and WCLK must 
be at a high level during the low level FL/RT retransmit pulse. The retransmit feature should be used only 
when less than 1024 writes are performed between resets, otherwise, an attempt to retransmit may cause 
loss of some data that has not yet been read. 
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Data outputs. These outputs are in the high-impedance state when the RCLK input is high or if the memory 


is empty. 


Read clock input. If the FIFO is not empty (i.e., EMPTY is high), data is read from the FIFO on RCLK input 
high-to-low transition. 
Master Reset Input. A low level pulse on the Master Reset input (RST) resets the FIFO. This sets the EMPTY 
output low and the FULL output high, indicating that the FIFO is empty. RCLK and WCLK must both be 
at a high level during reset. 
Write clock input. If the FIFO is not full (i.e., FULL is high), data is written into the FIFO on a low-to-high 
transition at the WCLK input. 
Expansion Enable Input. When cascading two or more devices for word-depth expansion, the XEl input is 
connected to the XEO output of the previous device in the daisy chain. The XEI input is grounded when 
no word-depth expansion is desired. 
Expansion Enable Output. When cascading two or more devices for word-depth expansion, the XEO output 
is connected to the XEl in 


put of the next device in the daisy chain. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ...... ERIE Gh eT ge Le Ray IR a ie -O.5Vto7V 
INSU VERSO FaIIGe, BNVANDUR es Oe ais sccee bene LS ive ea 3 a a bleeds bipelbies —-0.5 Vto7V 
Voltans applied tia ieabled S-state Cunt. 6 ooo. Ma hs lek bee ek we wa eta s 5.5 V 
Operating free-air temperature range......... she HRT ee ENG, CTE are. « ac? te Rela O°C to 7076. 
SIGHS TOM Bie TONGS 8l <-. es a he ee EG ee few a gine we OOS =~65°C to 150°C 


NOTE 1: All voltage values are with respect to GND. 


recommended operating conditions 


[eis Sea eee ee eed Bee Ps ee RS ee 
VIL 


Voc Supply voltage | 45 8 5.6 | 
Ue TM NOONE 8 PES ee i ae cee 
Bc SES eo een ee Cea ae ea Seam ake ee 
here igh levet sunt mit <2 are ey AR SOs oC eee ae 
Ge ee. fe ees es een Sa as ERS cece Raber RES 


Ta Operating free-air temperature fe) 


electrical characteristics over recommended operating free-air temperature range, VCC = 5.5 V (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


[Von Highlevel output voltage ——=~=S«dY SSC = ASV, I= -@mA | 38 SSC*idYC 
[VoL Low-level output voltage ———Si«dt SSC = 45 V, Ign = 8m iYSSC~<C~—t YE 
oz High-impedance-state output current [| Vo=2.7V—SSsSS~—CSCSSCSC~SCSO YA 
iozi.Hih-impedance-state output current | Vo=04V SSCS pk 
ie aon a Oypete Nt e  D 
i Sutras oe OE 
rice Standby current __———~—~—S*d CRC, WL, FST, and FLAT at iy | —SCS~S~S*SCma 
rigeg iPower down curent | NG OOM tO ee 
oy input capacttoncs SPO, fe Me | 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
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SN74ACT7202-35, SN74ACT7202-50 
1024 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


timing requirements over recommended ranges of supply voltage and operating free-air temperature 


(unless otherwise noted) 


SN74ACT7202-50 SN74ACT7202-35 


PARAMETER 


tc(R Cycle time, read 


tc(W Cycle time, write 
tc(RS Cycle time, reset 


io) 


Ww Ww 
ol 


te(RT Cycle time, retransmit 

tw(RL Pulse duration, RCLK low 

tw(WL Pulse duration, WCLK low 

tw(RH Pulse duration, RCLK high 

tw(WH Pulse duration, WCLK high 

twi(RT Pulse duration, FL/RT low 

twiRS Pulse duration, RST low 

tsu(D Setup time, data before WCLKT 
tsy(RT) Setup time, FL/RT high before RCLK! or WCLK! 
tsu(R-RS) Setup time, RCLK high before RSTt 
tsu(W-RS) Setup time, WCLK high before RSTT 
thiD Hold time, data after WCLKT 

th(E-R Hold time, RCLK low after EMPTYt 
thiF-w) Hold time, WCLK low after FULLT 
thi(RS-w) Hold time, WCLK high after RSTT 
thiRS-R) Hold time, RCLK high after RST? 


= 
oi 


Zs 


switching characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER 


a, 3,5 
eo tay 
ee 
oe 
Sas 
twiFH Pulse duration, FULL high in automatic write mode ee Sa 
eae 
oe 
ae oe 
ae a 
te 


¢ 
< 
= 


SN74ACT7202-50 
MIN TYPt MAX 


SN74ACT7202-35 
MIN TYPt MAX 


15 


twi(EH Pulse duration, EMPTY high in automatic read mode 
tp(W-F) | Propagation delay time, WCLK! to FULL low 


¥ = as = 
’ 


tp(R-F) Propagation delay time, RCLKT to FULL high 23 


tp(R-E) Propagation delay time, RCLK! to EMPTY low 


tp(W-E) Propagation delay time, WCLKT to EMPTY high 
tp(RS-E) Propagation delay time, RST! to EMPTY low 
tp(RS-F) Propagation delay time, RST! to FULL high 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 


ol 


Ys 


o 
o 
~ 
NO 
oO 
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PARAMETER MEASUREMENT INFORMATION 


}¢———————— t<(r, ——————_#—— twirl) ———#I 
| 


RE Stale | 
errr a OE bee wel | 

| | 

RCLK | | 
: | 


secs eo | er | je iis 
| | | 


AAAAAAAS 
Q0-08 eerie’ 


(a) READ 


}_-—__—___—___—— tejw) _———__———_> 
k¢—————twiw_) >} tw(WH)——P 
{ | 


}¢— tsu(D| le — thi) 9 
| | 


DO-D8 VALID VALID 


(b) WRITE 
FIGURE 1. ASYNCHRONOUS WAVEFORMS 
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FIGURE 2. FULL FLAG WAVEFORMS 


EXAS 4 ate 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ACT7202-35, SN74ACT7202-50 
1024 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


PARAMETER MEASUREMENT INFORMATION 


DO-D8 


FIGURE 3. EMPTY FLAG WAVEFORMS 


< 

| 

” 

s 

@ 

: 
o 
< 

S 

re) 

se | 

Y) 

© . : 
@ ny. XX 

2 OOK) 0" 

oe | 

eb 

"~ 

Lae | 

© 

7s 

c 

sr] 

“” | | 

FL/RT ‘ # P : 
7 


$$$ cir) —_________> 
}¢—_————-tw(RT) ——_—_—_ >| 


| 
WCLK, RCLK | : / 


b¢—tsu(RT) —} 
FIGURE 4. RETRANSMIT WAVEFORMS 


EMPTY 
| 


b¢—_—p-twieH) 


Q0-08 ne xy VALID 


FIGURE 5. AUTOMATIC READ WAVEFORMS 
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PARAMETER MEASUREMENT INFORMATION 


RCLK \ # 


| 
| 
| b——— thie Ww) 
‘ 


| | 
WCLK | | f 
| 
}¢— tp(R-F)—9| 
1 
FULL 
Ke—twirFH}—>] | 
—>| }e—thiD) 
| 
DO-D8 
| | 
#— t(D) I 


FIGURE 6. AUTOMATIC WRITE WAVEFORMS 


Li ee ING eer et 
-—_—_———_—_—_————————twirs) > 


| eanw-nsyt thirs-w)? 
tsu(R-RS)' — thirs-R)* 


EMPTY 
| 
}¢—————-tp(RS-E) ———] 
| 
| 
le————tp(ns-r) ——> 


tThe WCLK input must be high for a time equal to tsu(W-RS) before, and thiRs-w) after, the rising edge of RST. The RCLK input must 
be high for a time equal to tsy(R-RS) before, and thiRs-R) after, the rising edge of RST. 


FIGURE 7. MASTER RESET WAVEFORMS 
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PARAMETER MEASUREMENT INFORMATION 


1100 2 


FROM OUTPUT 
UNDER TEST 


680 2 30 pFt 


Tincludes probe and jig capacitance. 


FIGURE 8. LOAD CIRCUIT 


“anor 1.5V HIGH-LEVEL 
PULSE 1.5V 
. — ——GND 


ao 


DATA | a Si atid 3V 
INPUT 1.5V -*1.5V LOW-LEVEL 15¥y 1.5V 
GND PULSE 
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VOLTAGE WAVEFORMS : VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATION 
—>| iets = Sns 
—>| le tr < 5ns 
| i 
i 27V*%! 
I-15 Vv 1.5V 1.5V 
0.3. V 
: 7 GND | | aaa 
tp ——-H le—tpa—> | 
| ke— tpa—> | i+-tpa > 
| 
| ’ | 
1.5V 1.5 V 1.5V 
3-STATE OUTPUTS (Q0-Q8) STANDARD CMOS OUTPUTS (EMPTY, FULL, XO) 


FIGURE 9. TIMING REFERENCE LEVELS 
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TYPICAL APPLICATION DATA 


SN74ACT7202 
DO-D18 ae Q0-Q018 
WCLK EMPTY 
RCLK FULL 
FSsy is (See Note 2) 
L/RT 
RST 
EMPTY 
FULL 
(See Note 2) 


NOTE 2: In word-width expansion, the status flags EMPTY and FULL can be monitored from either one of the cascaded devices. The status 
flag outputs must not be tied together. : 


FIGURE 10. WORD-WIDTH EXPANSION: 1024-WORD BY 18-BIT 
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SN74ACT7 202-35, SN74ACT7202-50 
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TYPICAL APPLICATION DATA | 


SN74ACT7202 


Vcc 


FIGURE 11. WORD-DEPTH EXPANSION: 3072-WORD BY 9-BIT 
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TYPICAL APPLICATION DATA 


‘ACT7202 
3072 WORD-DEPTH 
EXPANSION BLOCK 


‘ACT7202 
3072 WORD-DEPTH 
EXPANSION BLOCK 


‘ACT7202 
3072 WORD-DEPTH 
EXPANSION BLOCK 


WCLK, RCLK, 
RS 


D18-D26 


DO-D26 D9-D26 D18-D26 


FIGURE 12. 3072-WORD BY 27-BIT EXPANSION 
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D3091, FEBRUARY 1988—REVISED MARCH 1988 


Independent Asynchronous Inputs and DW OR NT PACKAGE 
Outputs (TOP VIEW) 


@ 64 Words by 8 Bits 
@ Data Rates from 0 to 40 MHz 
@ Fall-Through Time . . . 20 ns Typical 
® 3-State Outputs 
description 


This 512-bit memory uses Advanced Low-Power 
Schottky IMPACT-X™ technology and features 
high speed and fast fall-through times. It is 
organized as 64 words by 8 bits. 


A FIFO memory is a storage device that allows 
data to be written into and read from its array EN PACKAGE 
at independent data rates. The function is used (TOP VIEW) 

as a buffer to couple two buses operating at 
different clock rates. This FIFO is designed to 
process data at rates from O to 40 MHz in a bit- 
parallel format, word by word. 


Data is written into memory on a low-to-high 
transition of the load clock input (LDCK) and is 
read out on a low-to-high transition of the unload 
clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 64 the 
number of words clocked out. When the memory 
is full, LDCK signals have no effect on the data 
residing in memory. When the memory is empty, 
UNCK signals have no effect. 
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Status of the FIFO memory is monitored by the 
FULL and EMPTY output flags. The FULL output NC—No internal connection 
will be low when the memory is full, and high 

when the memory is not full. The EMPTY output 

will be low when the memory is empty, and high 

when it is not empty. 


A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and FULL high. The outputs are not reset to any specific logic levels. The first low-to-high transition on 
LDCK, either after a RST pulse or from an empty condition, causes EMPTY to go high and the data to 
appear on the O outputs. The first word does not have to be unloaded. Data outputs are noninverting with 
respect to the data inputs and are at a high-impedance state when the output-enable input (OE) is low. 
The OE input does not effect either the FULL or EMPTY output flags. Cascading is easily accomplished 
in the word-width direction, but is not possible in the word-depth direction. 


The SN74ALS2232 is characterized for operation from O°C to 70°C. 


IMPACT —X is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information ‘ Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | . 

specifications .per the terms of Texas Instruments TEXAS 
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logic symbolt 


FULL 
EMPTY 


TThis symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is O. 
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Pin numbers shown are for DW or NT packages. 
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logic diagram (positive logic) 


OE (24) | = 


LDcK (12) 


CTRDIV8 


oe o> + 
oe up eee ES ty 
ia. 1 Se it 
sos alle 


ie e 


Pin numbers shown are for DW or NT packages. 


OD FLL 


(14) EMPTY 
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SN74ALS2232 
64 x 8 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


timing diagram 
RST pies Meester pe on eR La sateen Coo orien aS copematl 
] 
1 ean > ay St ee So Sa 


DO-D7 SC SERIES G5 WAS Neal 15 SSG. 
| 


! 


00-07 TER Kom} FEE 
EMPTY Swe Te ee eee 
| | 
FULL | | Sak 
| 


| 
INITIALIZE LOAD UNLOAD EMPTY FULL 
POINTERS W1 w2 


absolute maximum ratings over operating free-air temperature range 


Supply voltage; NEG S .6/LF § iced eS. ica ha Foie me eae he sa oF aR EN PD mcd a EP Pe NS ae th ia TV 
Te eens stot treorie sb o's bk a atate es Sar a cis Ne ee ee as ee eee FV 
Voltage applied to a disabled 3-state output. ...... 2... 2... 2. ee ee ee ee es So. ¥ 
Operating tree-alr-temperature range... =. me ie Oe ee ee 0°C.to.70.°C 
Biprage temoeracure FanGe ~<a. clic an kc eoetne eng cd oe cee ee eho aoe wwe ei os OO es tO tO 


recommended operating conditions 


NGG. < Snpiy Soles ag 88 gn ees ee pi ee eg | 
E Yigg, Hipavetipye vantane oor ee ee ee 
GBR ee OO ee aes aero < As Bey on eee 
Sc aoe 
FULL, EMPTY poe eee ahd 
; = Saeaavele ce CANE 
IOL Low-level output current —— 
pee eM ry eee 
eam Cinek Reming. 5 i) a NER ee fee AO 
RST low 56 See 
eee a ee 
tw Pulse duration 
PUNE ew Ri ene eee 
| NEN ee 
tsy1 Setup time, data before LDCKT eS See ee 
tsu2_ Setup time, RST high (inactive) before LDCK? Se aa 
fo Madore ECR se ee ee 


h F 
TA Operating free-air temperature 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) . 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Vee = 45. i) = —18 mA 
% FULL, EMPTY | Vcc = MINTO MAX, Igy = 0.4.mA Vec-2 . 
on Q outputs Vcc = 4.5 V, lIoH = —2.6 mA 2.4 3.2 
noe: 
Q outputs Ob x — oe 
lo. = 24 mA 0.35 0.5 
oo SAS so 0.25 04] © 
FULL, EMPTY Bee 
lol = 8mA 0.35 0.5 


Vo = 2.7 V 


Vcc = 5.5 V 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, IQs. 


icc 


switching characteristics (see Note 1) 


Ver = 5V,. [Vcc = 4.5 Vt0 5.5 V, 
Cy = 50 pF, Cy = 50 pF, 
FROM TO L F L : 
PARAMETER aa ‘aos R1 = 500 0, R1 = 500 0, 
R2 = 500 9, R2 = 500 0, 
A A 


fmax 
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tod 
tod 


Note 1: Load circuitiand voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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Independent Asynchronous Inputs and 
Outputs . 


@ 64 Words by 9 Bits 
@ Data Rates from 0 to 40 MHz 
@ Fall-Through Time . . . 20 ns Typical 
@ 3-State Outputs 
description 


This 576-bit memory uses Advanced Low-Power 
Schottky IMPACT — X™ technology and features 
high speed and fast fall-through times. It is 
organized as 64 words by 9 bits. 


A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. The function is used 
as a buffer to couple two buses operating at 
different clock rates. This FIFO is designed to 
process data at rates from O to 40 MHz in a bit- 
parallel format, word by word. 


Data is written into memory on a low-to-high 
transition of the load clock input (LDCK) and is 


read out on a low-to-high transition of the unload Vec 6 24(} Q3 


clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 64 the 
number of words clocked out. When the memory 
is full, LDCK signals have no effect on the data 
residing in memory. When the memory is empty, 
UNCK signals have no effect. 


Status of the FIFO memory is monitored by the 
FULL, EMPTY, ALMOST FULL/EMPTY, and 
HALF FULL output flags. The FULL output will 
be low when the memory is full and high when 
the memory is not full. The EMPTY output will 
be low when the memory is empty and high 
when it is not empty. The ALMOST 
FULL/EMPTY flag is high when the FIFO contains 
eight or less words or fifty-six or more words. 
The ALMOST FULL/EMPTY flag is low when the 
FIFO contains between nine and fifty-five words. 
The HALF FULL flag is high when the FIFO 
contains thirty-two or more words, and is low 
when the FIFO contains thirty-one words or less. 


IMPACT —X is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information . 
current as of publication date. Products conform to i} 
epee per 7 — of Texas —- 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INST RUMENTS 
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64 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


D3092, FEBRUARY 1988—REVISED APRIL 1988 


N PACKAGE 
(TOP VIEW) 


5 VLSI Memory Management Products 


FN PACKAGE 
(TOP VIEW) 
N=-_—- O ms ti: © i= 
G-O:.0 te -o.0 -C 
2S G Get & eh Be & ie 2) ee ee 
S$ Sz 
D3{j5 25{}Q2 
D4{J7 23L] GND 
D5U8 22,}04 
D6 {j9 21{}Q5 
D7 {J10 20{] QE 


D8{j11 | 19|} Q7 


LS) 


ALMOST FULL/EMPTY 


Copyright © 1988, Texas Instruments Incorporated 


7-83 


SN74ALS2233 
64 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


(CEL DE RA NM NTA DBL RE Ns PA Sy SES ES RE SE Re ie DORE ND EE Os IEE ATT NS ITS TRY RBS BOL ONES TR I EA OSES OER Ce DRE RSET 
description (continued) 


A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and FULL high. The outputs are not reset to any specific logic levels. The first low-to-high transition on 
LDCK, either after a RST pulse or from an empty condition, causes EMPTY to go high and the data to 
appear on the QO outputs. The first word does not have to be unloaded. Data outputs are noninverting with 
respect to the data inputs and are at a high-impedance state when the output-enable input (OE) is low. 
The OE input does not affect either the FULL or EMPTY output flags. Cascading is easily accomplished 
in the word-width direction, but is not possible in the word-depth direction. 


The SN74ALS2233 is characterized for operation from O°C to 70°C. 


logic symbolt 


FIFO 64x9 


~ sjonpoig }uoweHeuey Aiowel ISTA 


CTR 
ast I ct-0 ct>32--—)_ wate FULL 
LDCK Fut CT < 8/CT = 56 Mig) ALMOST FULL/EMPTY 
UNCK —2 (CT = 64) Gi (13) eo 
(ct = 0) G3p+—U® Empty 
po fo 0 
“1 vvrecpr py Mad SNE CLES 
2 prise ps Dino TS or 
sper ELMS GZS cn 
Ri ee ee 
Se eee 
"poorer MRE So, 
eg CRETE Bae, 
Peat ee 


tT This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is O. 
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64 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


logic diagram (positive logic) 


2 
OF (28) 


UNCK 
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RST 
DO ao 
D1 Qi 
D2 a2 
D3 a3 
D4 a4 
D5 a5 
D6 a6 
D7 Q7 
Ds as 


(13) FULL 


bea ALMOST FULL/EMPTY 


(16) EMPTY 


(17) HALF FULL 


QH PH=QH+4P wae iP ; 
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64 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY — 


SN74ALS2233 
timing diagram 


ZM i Tina tind L + AldW3 LM 
ALdW3 avoinn LISOWI1V 41VH LSOWIV avo 
| | | SH3LNIOd 
| rie a 


ind 


TINA STIWH 


| A1LdW3/TIN4 
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SN74ALS2233 
64 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


absolute maximum ratings over operating free-air temperature range 


COMMER EERE Ora 5 >a as nea: dre ee a in cs dno sg cara SABRE Te yi doe we ea a a a 7V 
SRNEMEES: DUOMO ha chi & <x ig WIS a ee ae IEE eo a ine Sg hee RE ag se ps eee ae ease re. 
Voltagerapnied-to a disabled. G-state outout Eee a ee ae 5.5 -V. 
Onerating 1rae-elr temperature 7anGe. fe tos ae ee ee a es eee OE SG 0°C to 70°C 


Sthirawe termbaratire anaes 5s. ay ee Par es ais he CER eo wR = 65°C to:.150°C 


recommended operating conditions 


Q outputs 


1 Q outputs 
IOH High-level output current 
Flag outputs 
lOL : 


tw 


tsu1 
tsu2 


th 
TA 


Low-level output current 


Flag outputs 


folock Clock frequency LDCK, UNCK 


Pulse duration 


UNCK high 
Setup time, data before LDCKT 
, Setup time, RST high (inactive) before LDCKt 
Hold time, data after LDCKT 
Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDTIONS 


Icc 


Vcc = 4.5 V, | = -—18mA ) 
IoOH = 0.4 mA 
IOH = -—2.6 mA 


Q Outputs 
Ver = 46 V lo. = 24 mA 
ag outputs 
lo. = 8mA 


cc = 5.5 V, Vo = 2.7 V 
Vcc = 5.5 V, Vo = 0.4 V 


Vec = 5.5 V, Vo = 2.25 V 


Vcc = 5.5 V 175 290 


Q outputs 
Flag outputs 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
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SN74ALS2233 
64 x 9 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


switching characteristics (see Note 1) 


Vec = 5V. $|Vcoc = 45Vto5.5V 
Cy. = 50 pF, Cy = 50 pF, 

R1 = 500 0, R1 = 500 0, 

R2 = 500 0, R2 = 500 2, 

Ta = 25°C 


FROM 
(INPUT) 


~ sjonpoig }uewebeueyp AiowelW ISTA 


HALF FULL 


HALF FULL . 22 a7 
HALF FULL meer fe 


Note 1: Load circuits and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN74ALS634B, SN74ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


D2661, DECEMBER 1982—REVISED JULY 1987 


Detects and Corrects Single-Bit Errors ‘ALS632B, ‘ALS633 . . . JD PACKAGE 


. (TOP VIEW) 
Detects and Flags Dual-Bit Errors 


Built-in Diagnostic Capability 


Fast Write and Read Cycle Processing 
Times 


@ Byte-Write Capability .. . "‘ALS632B and 
"ALS633 


@ Dependable Texas Instruments Quality and 
Reliability 


‘ALS632B 3-State 


‘ALS633 - Open-Collector 
‘ALS634B -pi 3-State 
‘ALS635 -pi Open-Collector 


description 


The ‘ALS632B, ‘ALS633, ‘ALS634B and 
‘ALS635 devices are 32-bit parallel error 
detection and correction circuits (EDACs) in 
52-pin (‘ALS632B and ‘ALS633) or 48-pin 
(‘ALS634B and ‘ALS635) 600-mil packages. 
The EDACs use a modified Hamming code to ‘ALS632B, ALS633 .. . FN PACKAGE 
generate a 7-bit check word from a 32-bit data (TOP VIEW) 

word. This check word is stored along with the 
data word during the memory write cycle. During 
the memory read cycle, the 39-bit words from 
memory are processed by the EDACs to 
determine if errors have occurred in memory. 


s VLSI Memory Management Products 


Single-bit errors in the 32-bit data word are 
flagged and corrected. 


Single-bit errors in the 7-bit check word are 
flagged, and the CPU sends the EDAC through 
the correction cycle even though the 32-bit data 
word is not in error. The correction cycle will 
simply pass along the original 32-bit data word 
in this case and produce error syndrome bits to 
pinpoint the error-generating location. 


Dual-bit errors are flagged but not corrected. 
These errors may occur in any two bits of the 
39-bit data word from memory (two errors in the 
32-bit data word, two errors in the 7-bit check 
word, or one error in each word). The gross-error 
condition of all lows or all highs from memory 
will be detected. Otherwise, errors in three or 
more bits of the 39-bit word are beyond the 
capabilities of these devices to detect. 


NC —No internal connection 


This document contains information on products in Copyright © 1982, Texas Instruments Incorporated 
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SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
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Read-modify-write (byte-control) operations can be performed with the ‘ALS632B and ‘ALS633 EDACs 
by using output latch enable, LEDBO, and the individual OEBO thru OEB3 byte control pins. 


Diagnostics are performed on the EDACs by controls and internal paths that allow the user to read the 
contents of the DB and CB input latches. These will determine if the failure occurred in memory or in the 
EDAC. 


"ALS634B, ‘ALS635.. . JD PACKAGE : ‘ALS634B, ‘ALS635... FN PACKAGE 
(TOP VIEW) (TOP VIEW) 


On oat WN 


—- =— © 
-—- © 


12 
13 
14 
15 
16 
17 
18 
19 


NO NNN N 
m2 wWwN —- © 


NC—No internal connection 


TABLE 1. WRITE CONTROL FUNCTION 
DB CONTROL DB OUTPUT LATCH 
OEBn OR (‘ALS632B, ‘ALS633) 


M Y| EDAC  |CONTROL 
rie FUNCTION | $1 SO tek eh arte 
OEDB LEDBO 


Weit Generate ‘Seot iAsise x Output L 
u 
~ Ae check word p check bitst 


TSee Table 2 for details on check bit generation. 


ERROR FLAGS 


CHECK I/O |;CONTROL; —— ———— 
— ERR MERR 


memory write cycle details 


During a memory write cycle, the check bits (CBO thru CB6) are generated internally in the EDAC by seven 
16-input parity generators using the 32-bit data word as defined in Table 2. These seven check bits are 
stored in memory along with the original 32-bit data word. This 32-bit word will later be used in the memory 
read cycle for error detection and correction. CBO, CB1 and CB2 are odd parity bits and CB3, CB4, CB5, 
and CB6 are even parity bits. For example, for a data word of all zeros CBO-CB2 will be high and CB3-CB6 
will be low. 
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. SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 


32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS | 


TABLE 2. PARITY ALGORITHM : 


CHECK WORD __32-BIT DATA WORD 


X X 
om a Cee, ieee, ee ee aa, 


The seven check bits are parity bits derived from the matrix of data bits as indicated by ‘’X’’ for each bit. 


error detection and correction details 


During a memory read cycle, the 7-bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they are at the high level. 


The first case in Table 3 represents the normal, no-error conditions. The EDAC presents highs on both 
flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal 
for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 
of double-bit errors will cause the EDAC to signal lows on both ERR and MERR, which is the interrupt 
indication for the CPU. 


TABLE 3. ERROR FUNCTION 


TOTAL NUMBER OF ERRORS ERROR FLAGS 
—— ———_ | DATA CORRECTION 
32-BIT DATA WORD 7-BIT CHECK WORD ERR MERR 


(0) Not applicable 
Correction 


Correction 
Interrupt 


Interrupt 


Interrupt 


Error detection is accomplished as the 7-bit, check word and the 32-bit data word from memory are applied 
to internal parity generators/checkers. If the parity of all seven groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 


If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. Any single error in the 32-bit data word will change the state of either three 
or five bits of the 7-bit check word. Any single error in the 7-bit check word changes the state of only 
that one bit. In either case, the single error flag (ERR) will be set low while the dual error flag (MERR) will 
remain high. 


Any two-bit error will change the state of an even number of check bits. The two-bit error is not correctable 
since the parity tree can only identify single-bit errors. Both error flags are set low when any two-bit error 
is detected. 


Three or more simultaneous bit errors can cause the EDAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three cases. It should be 
noted that the gross-error conditions of all lows and all highs will be detected. 
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SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


TABLE 4. READ, FLAG, AND CORRECT FUNCTION 


DB CONTROL TPUT LATCH CB 
pee ee DATA 1/0| OEBn OR disse ‘ALS633) | CHECK 1/0 | CONTROL pla 45 lot 
Y i : —__ | ERR MERR 
CYCLE | FUNCTION $i so = SEG =cE R 
Read G fieg | WSL | sin fo inp Enabled t 


HL ae ae 
Latch input Latched Latched 
=o 
bits data check word 
Output Output Output 
Read corrected data H  H_ | corrected Xx syndrome Enabled t 
& syndrome bits data word 


bitst 
TSee Table 3 for error description. 
+See Table 5 for error location. 

As the corrected word is made available on the data I/O port (DBO thru DB31), the check word I/O port 
(CBO thru CB6) presents a 7-bit syndrome error code. This syndrome error code can be used to locate 
the bad memory chip. See Table 5 for syndrome decoding. 


H 
L 


xas 
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7-92 INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


ERROR 
unc 


2-bit 


TABLE 5. SYNDROME DECODING 


SYNDROME BITS ERROR 


SYNDROME BITS ERROR. SYNDROME BITS ERROR 


SYNDROME BITS 
166 4321 01 |6 5 4321 0 | 
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CB X= error in check bit X 

DB Y= error in data bit Y 

2-bit = double-bit error 

unc = uncorrectable multibit error 


read-modify-write (byte control) operations 


The ‘ALS632B and ‘ALS633 devices are capable of byte-write operations. The 39-bit word from memory 
must first be latched into the DB and CB input latches. This is easily accomplished by switching from the 
read and flag mode (S1 = H, SO = L) to the latch input mode (S1 = H, SO = H). The EDAC will then 
make any corrections, if necessary, to the data word and place it at the input of the output data latch. 
This data word must then be latched into the output data latch by taking LEDBO from a low to a high. 


Byte control can now be employed on the data word through the OEBO through OEB3 controls. OEBO 
controls DBO-DB7 (byte 0), OEB1 controls DB8-DB15 (byte 1), OEB2 controls DB16-DB23 (byte 2), and 
OEB3 controls DB24-DB31 (byte 3). Placing a high on the byte control will disable the output and the user 
can modify the byte. If a low is placed on the byte control, then the original byte is allowed to pass onto 
the data bus unchanged. If the original data word is altered through byte control, anew check word must 
be generated before it is written back into memory. This is easily accomplished by taking control S1 and 
SO low. Table 6 lists the read-modify-write functions. 
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SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 — 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


TABLE 6. READ-MODIFY-WRITE FUNCTION 


DB OUTPUT 
sepigieton! EDAC FUNCTION re BYTEnt OEBnt LATCH CHECK 1/O ee saocinag h8 =e 
CYCLE $1 sO CONTROL | ERR MERR 
LEDBO 


ie eee 
inten cake Latched Latched 
atch input data 
Read : ‘ Ba -4 Input L input H Enabled 
& check bits 
data check word 
Latched Hi-Z 
Latch corrected 
: output Output 
Read data word into H H H H Enabled 
data Syndrome 
output latch te 
word bits 
- 


Input 
Modify L HOH 
/write 


TOEBO controls DBO-DB7 (BYTEO), OEB1 controls DB8-DB15 (BYTE1), OEB3 controls DB16-DB23 (BYTE2), OEB3 controls DB24-DB31 
(BYTE3). 


modified 
BYTEO 


Modify appropriate 
byte or bytes & 


Output 
check word 


Output 
unchanged 
BYTEO 


generate new 
check word 


diagnostic operations 


The ‘ALS632B, ‘ALS633, ‘ALS634B and ‘ALS635 are capable of diagnostics that allow the user to 
determine whether the EDAC or the memory is failing. The diagnostic function tables will help the user 
to see the possibilities for diagnostic control. 


~ sjonpoig }uswebeuey= AioweW ISTA 


In the diagnostic mode (S1 = L, SO = H), the checkword is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known 
checkword. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
be low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the checkword is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched checkword. With the ‘ALS632B and ‘ALS633, the diagnostic data word can be latched into 
the output data latch and verified. It should be noted that the ‘ALS634B and ‘ALS635 do not have this 
pass-through capability because they do not contain an output data latch. By changing from the diagnostic 
mode (S1 = L, SO = H) to the correction mode (S1 = H, SO = H), the user can verify that the EDAC 
will correct the diagnostic data word. Also, the syndrome bits can be produced to verify that the EDAC 
pinpoints the error location. Table 7 (‘ALS632B and ‘ALS633) and Table 8 (‘ALS634B and 'ALS635) list 
the diagnostic functions. 
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SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


TABLE 7. ‘ALS632B, ‘ALS633 DIAGNOSTIC FUNCTION 


YT 
EDAC FUNCTION Canes DATA 1/0 ae a CHECK 1/O Aue vacdstethdlnseg 
$1 So ae ERR MERR 


Input correct Input correct 
Read & flag Wit Xx 3 H H H 
data word check bits 


Latch input check 
word while data 
H Enabled 
Enabled 
diagnostic 


Enabled 
data word 
. Output 
Output diagnostic Output shes 
: : syndrome 
data word & diagnostic 5 Enabled 
syndrome bits data word ——------ 3 
Output corrected Output : 
Enabled 


diagnostic data corrected 
word & output diagnostic 

t Diagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data 

word will contain errors in two bit locations. 


; f diagnostic 
input latch remains t 
data word 
transparent 
Latch diagnostic 

data word into diagnostic 
output latch data word! 
Latched 


input 


Latch diagnostic 
data word into 
input latch 


syndrome bits data word 


TABLE 8. ‘ALS634B, ‘ALS635 DIAGNOSTIC FUNCTION 


is VLSI Memory Management Products 


han cmcnoN eee ee DB CONTROL eed CB CONTROL | ERROR FLAGS 
OEDB OECB ERR MERR 


Output input 
check bits 


Output corrected 
diagnostic 
data word 


Read & fla Input correct Input correct 4 H 
ea 
9 data word check bits 
Input 
:g . Output input 
diagnostic : Enabled 
t check bits 
data word 


$1 so 

H L 
Latch input check 
bits while data net Latched input 
; : L H diagnostic : Enabled 
input latch remains check bits 

data wordt 

transparent 

L H 

H H 

H H 


Latch diagnostic Latched input Output 
data into diagnostic syndrome bits 
input latch data word i 

Output corrected Output 

diagnostic syndrome bits Enabled 

data word i- 


T Diagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data 
word will contain errors in two bit locations. 
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SN54ALS632B, SN54ALS633, SN74ALS632B, SN74ALS633 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


‘ALS632B, ‘ALS633 logic diagram (positive logic) 


. sjonpoig jJuswebeuey Aiowely IS TA 


DECODER 
x/Y SYNDROME 
0 GENERATOR 
0 
> 
so —41 3 Op BB: 
1 
$1 2 30 CHECK-BIT 
2 GENERATOR 
Ute 
CBo- 7 
CB6 aD 
MUX 
Cy GO 1 
4 e G1 
x 0 ERROR 
OECB OL EN DETECTOR 
DBO-DB7 
DB8-DB15 
DB16-DB23 
DB24-DB31 


ERROR 
CORRECTOR 


LATCHES 


cars ies Beas 
LEDBO 


*'ALS632B has a 3-state (V) check-bit and data outputs. 
‘ALS633 has open-collector (@) check-bit and data outputs. 
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SN54ALS634B, SN54ALS635, SN74ALS634B, SN74ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


‘ALS634B, ‘ALS635 logic diagram (positive logic) 


| VLSI Memory Management Products 


DECODER 
X/Y SYNDROME 
0 GENERATOR 
0 
SO 1 3 
1 
$1 2 3 CHECK-BIT 
2 GENERATOR 
(See Table 2) 
GT 
CBO.- 7 
CB6 ae 
MUX 
O§ GO 
2 on 
* 
OECB OL EN DETECTOR 
(See Table 3) 
DBO-DB31 32 


32. 


ERROR 
CORRECTOR 


BUFFERS | 


4 
OEDB 


*'ALS634B has a 3-state (7) check-bit and data outputs. 
‘ALS635 has open-collector (€) check-bit and data outputs. 
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SN54ALS632B, SN54ALS634B, SN74ALS632B, SN74ALS634B 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Wonnoe.“wae.tsee Note Ty nay i... ec Pee ae 3 ieee, ye Ss TN 
tpt ee a. 8 OS Ba eS ee errr tote e er amare yee) acti mila FRA 5:5. V 

AN Geers > eye BIO alia 9 bck Boe, 6 Sd 0. RE OARS a ee at tha, 7TV 
Operating free-air temperature range: 

SA USO Se be POE 225 oa 25 2 ayin beac pea eee vl oo OPC t0;70°C 
Operating case temperature range: 

SNES SOS2O, COAL OO SRD 55 ocak oe ttmtewh coe ld dn ds lubes peated — 55°C 'to.125°C 


wioreae toMmperdire Tange 2 Pr ey ok oa wk ale clap alee es Me See Bee =65°C 'to150 °C 


SN54ALS632B — SN74ALS632B 
SN54ALS634B SN74ALS634B UNIT 
T These times ensure that corrected data is saved in the output data latch. 


“#4 
+ These times ensure that the diagnostic data word is saved in the output data latch. 


§ The teorr Specification includes the minimum setup time tsu(1)- The correction time from SO going high to valid data is equal to tcorr 
minus tgy(1)- 


recommended operating conditions 


Vcc Supply voltage 
ViH High-level input voltage 
Vit Low-level input voltage 


| High-level output current alld basa 
igh-lev utput curr 
OF DB or CB | 
| L level output current bP il 
ow-level output curr 
OL DB or CB 
a : 


t Pulse duration LEDBO low 

(1) Data and check word before SOT 
(S1 =H) 

(2) SO high before LEDBOt ($1 =H)t 

(3) LEDBO high before the earlier of 
SO! or Sif 


(4) LEDBO high before S1T (SO =H) 


(SO =H) 
" 
later of S11 or SOT 


(7) Diagnostic data word before 1 
LEDBOt (S1=L and SO=H)? 


(8) Read-mode, SO low and $1 high 2 


(9) Data and check word after SOT 
(S1 =H) 


(10) Data word after S1T (SO=H) 


th Hold time 
(11) Check word after the later of 
S11 or SOT 


(12) Diagnostic data word after 
LEDBO? (S1=L, SO=H)+* 


tcorr Correction time (see Figure 1)8 43 


NO 


~ sjonpoig }uswebeuep AiowsW IS TA 


Ww 


tsy Setup time 


. 


4 
12 


WwW 
~ 


Tc Operating case temperature 
Ta Operating free-air temperature 


oO 
~ 
o 


pia TEXAS sg 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN54ALS632B, SN74ALS632B 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended operating temperature range (unless otherwise noted) 


SNB4ALS6328 | SN74ALS6326 
PARAMETER TEST CONDITION | SNS4ALS6326 UNIT ”) 
MIN TYP? MAX | MIN TYPT MAX o 
Vik Veg = Open. i, = — 18 mA = 
Vcc = 4.5V to5.5V, lon = -0.4mA | Voc-2 Voc ~2 3 
v Voc = 45, PHP SthAS a a RS I E 
OH | DB or CB ES Stn = me Se ¥ Oo. 
Vec = 4.8 V, SESE es SG as EY = 
ee ete: 1 Wer A: SY; lol = 4mA O25: O41 t = O25 O.4u a 
ERR or MERR ce Sie ue oe 
. Vcc = 4.5V, lo. = 8mA SEERA SS RS 0.35 05! | = 
OF oe Vcc = 4.5V, Io. = 12 mA 0.25. 04 0.25. 04 ® 
r 
Vec = 4.5V, lo. = 24mA eR a ES 0.35 0.5 m4 
[Soest | Voc = 5.8V. VEEAY eee ee 
m 
Alrothers | Vcc = 5.5, Vi= 58V Pott waagty Cera ah € 
aoe Vee = 5.5 V, Vi = 2.7 yA 
All others > 
us SO ESE TT vee 8.5, Vv = 0.4V Be ee ya eae 2 
PSR Gimmamaing’ . Y E 
Vec = 5.5 V, See Note 1 157 +250 157 250 os 
TAIl typical values are at Vec = 5V, Ta = 25°C. ” 
+For 1/O ports, the parameters lj} and |); include the off-state output current. > 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
NOTE 1: Icc is measured with SO and S1 at 4.5 V and all CB and DB pins grounded. 7 


switching characteristics over recommended ranges of supply voltage and operating temperature 
(see Note 2) 


SN74ALS632B 


1 4 
1 2 
1 4 
1 2 


NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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SN54ALS634B, SN74ALS634B 


32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended operating temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS SN54ALS634B SN74ALS634B 
MIN TYPt MAX | MIN TYPt MAX 
Moore EV. iL = =18 mA 


All outputs Vec = 4.5Vto5.5V, IoH = —-0.4 mA 
Vcc = 4.5 V, IoOH = -—1mMA 
Vcc = 4.5 V, loH = —2.6 mA 


Cc 
= 
= 


Voe=2 


DB or CB 


2.4 : 


WwW 
De) 


, 
) 


i) 
oO 


4 
6) 


| 
[©] 
rN 
3 
> 


Vec-2 
2.4 
0 
lcc See Note 1 1 250 15 


TAIl typical values are at Vec = 5V, Ta = 25°C. 

+ For I/O ports, the parameters liH_ and | include the off-state output current. 

8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
NOTE 1: Icc is measured with SO and $1 at 4.5 V and all CB and DB pins grounded. 


| 
fal 
ak 
Nh 


i) : 2 


3.3 
“20 
=3 

50 


e sj}OnpOold juewebeueyy Aiowsl ISTA 


switching characteristics over recommended supply voltage range and operating temperature range 
(see Note 2) 


t Sit 
OECB! 


ad 
No 
No 


N 
oO 


2 

S1=X, SO=H, R1=R2=500 0 
$1 =X, SO=H, R1=R2=500 0 
S1=X, SO=H, R1=R2=500 0 
S1=X, SO=H, R1=R2=500 0 


NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 


a 
No 
No 


FROM TO ' SN54ALS634B SN74ALS634B 
PARAMETER TEST CONDITIONS 
(INPUT) | (OUTPUT) _ MIN MAX | MIN MAX 
. S1=H, SO=L, Ri =500 © 
tod DB and CB 
S1=L, SO=H, R, =500 0 5 30 
S1=H, SO=L, R= 
EE | =500 2 39 | 6 37 
S1=L, SO=H, R, =500 0 6 37 
SOi and Sti] CB | R1=R2=5000 5 3a 
| tin | S04 and S14 Ry = 500 0 3 19 | ns _| 
tpg | 0B «| cB | St=L, SO=L, RI=R2=5000 : co a 
od Seat sceaes oe =H, Ri = 4 24 | ons 
en ce =X, S0= ene | 
i ca | st= | ns 
en | ins | 


[ca | SO=H, R1=R2=600 9 


= 
Nh 
°o 


ee TEXAS ti 
a INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


SN54ALS633, SN54ALS635 
SN74ALS633, SN74ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUBD vonwn VeC ise0 MOte 1) uc, ch ering tote ee ek Oe ane a lh vey ES 7V 
PEI Cree <0 Pact At LG | Sige spent > fee SS 6 oe bee ae aa abe ete Eee ae 5,.6:¥ 

A OMG = iss ase BEE MEE S sho cane nt We a bx ae we catego 7V 
Operating free-air temperature range: 

RE Pe NIG On) PTOI eee we ke eR a ee O°Ca30 FOR 
Operating case temperature range: 

SN54ALS633 and SN54ALS635........ Zien Sea SRE et tee prc +55 °C to-125°C 
Storase-terperature Tame ee are a eee OS a ee eee =65°C to: 150°C 


recommended operating conditions 


Vcc Supply voltage 
Vi High-level input voltage 2 
Vit Low-level input voltage 


ERR or MERR 
IoOH High-level output current 
DB or CB ‘ALS634A 


Low-level output current ERR or MERR 
w-level output curren 

ao 4 DB or CB 

TEDBO low 


(1) Data and check word before SOT 
(S1 =H) 


SN54ALS633 SN74ALS633 
SN54ALS635 SN74ALS635 


IT 
Vv 


m 


(2) SO high before LEDBOT ($1 =H)T 


| MIN NOM MAX 
[45 0 8 5.5) eae 
er Sete EGS 
Ses eee 
oe 
(3) LEDBO high before the earlier of 
SO! or S11T 
2h. Seas ok 


tsy Setup time 


(7) Diagnostic data word before 
35 20 
LEDBOt (S1=L and SO=H)? 
(8) Read-mode, SO low and S1 high 


(9) Data and check word after SOT 
(S1 =H) 


(10) Data word after S1t (SO =H) 


te He Se eae eps: 
i eo (11) Check word after the later of 50 
$11 or SOT 


(12) Diagnostic data word after 
LEDBOt (S1=L, SO=H)+ 


tcorr Correction time (see Figure 8 
Tc Operating case temperature 
Ta Operating free-air temperature 


T These times ensure that corrected data is saved in the output data latch. 

These times ensure that the diagnostic data word is saved in the output data latch. 

8 The tcorr Specification includes the minimum setup time tgy(1). The correction time from SO going high to valid data is equal to tcorr 
minus tgsy(1)- 
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SN54ALS633, SN74ALS633 | 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH OPEN-COLLECTOR OUTPUTS 


electrical characteristics over recommended operating temperature range (unless otherwise noted) 


SN54ALS633 SN74ALS633 
PARAMETER TEST CONDITIONS ; ; UNIT 
MIN TYP MAX MIN TYP MAX 
Vik Veo = 48V. “ERS 


< 
(2) 
oO 


VoH ERR or MERR Vec = 4.5 Vto 5.5 V, Ion = -—0.4 mA Vec-2 
loH  DBorCB Vec = 4.5 V, VOH = 5.5 V Be Be 


Le) 
< 


B 
> 


ERR or MERR ~o& " 7 = Ot - . ie LU 04 | os 
VOL GEER ee 0.25 04 x 
ne bees cc = 4.5 V, OL = ic Mee Oo ene Ue 
Vcc = 4.5 V, lol = 24 mA eee aS 0.35 0.5 
rsoersi_| vec = 8.5V, v= 7V ee ee eee omy 
m 
All others Vec = 5.6V, ae ee OP CS ea 
[Soest 
WH Vec =.5.5-V; Vi =2.7V pA 
ane SP 8 BAS aT BRFSS 
Hie Vec = 5.5 V, Vv; = 0.4 V 
All others? MRE Re eae 


ERR or MERR Vcc = 5.5 V, Vo = 2.25 V -30 -112 | -30 -112 


See Note 1 


T All typical values are at Vcc = 5 V, Ta = 25°C. 

+ For 1/O ports, the parameters |)}4 and Ij, include the off-state output current. : 

§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 
NOTE 1: Icc is measured with SO and $1 at 4.5 V and all CB and DB pins grounded. 


switching characteristics over recommended ranges of supply voltage and operating temperature 
(see Note 2) — : 


FROM SN54ALS633 
PARAMETER TEST CONDITION 


DBandcB | ERR | S1=H,SO=L,R_=5000| 10 43 


5 
tod 
tod = 


un | Solana sis | FRR | AL =5000 
1 


SO=H, Ri =680 2 
S1=X, SO=H, Ri =680 2 


tPLH 


TO 
cB 
[bs | 8 | Stat so=L Fi=6800 | 10 70 
‘TEDBO! | DB __ | S1=X,SO=H, RL=6800 
CB 
CB =H, R= 
CB ,RL= 


M3aiAsyHd LONGOUYd a sjonpoig juowebeuey Aiowsly ISTA 


tpLy | OEBO thru OEB31 S1=X,SO=H,R_=6800/ 2 — 35 | 
tPHL OEBO thru OEB3i] DB | S1=X, SO=H, RL =6800 


NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 


i 
m 
8) 

pairs 
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SN54ALS635, SN74ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH OPEN-COLLECTOR OUTPUTS 


electrical characteristics over recommended operating temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS ee oe UNIT 
MIN TYP? MAX | MIN TYP? MAX 
Vik Yoo = 4.5 V. = =18 mA 15 
Vou | ERR or MERR Voc = 4.5V to 5.5V, IoH = -0.4mA_— |Vcc-2 Vcc -2 


fon [See ge| ver =45V._Von= Sev] or 
ERR or MERR VEG -5,8.M, Saeed ee EN ee ee 
ERR or MERR rae — ; - ee 
eases ze EES Sel 
VOL ere 025. 04) ~ 
DB or CB CoS eee Ou Slam eee ee OA | ae Oe 
Vcc = 4.5 V, lol = 24 mA ie ees 0.35 0.5 
Semi | eee We eee ee ae 
: m 
easabatelic YOO SY Piatt Satta Soma eto ee RRS Go ts 
ee ee ys gay Vv) =2.7V Rees ae RES I ae SP 
»_| All others? ; se eer 2 oa 
Rees te Se ES Vy = 0.4V SERENE RS 
/igs. | ERR or MERR Vec = 5.5 V, Vo = 2.25 V ~30 =112.| =30 ~112 


| 
2) 


Voc = 5.5 V, See Note ee PE US BES 


T All typical values are at Vcc = 5 V, Ta = 25°C. 

+ For 1/O ports, the parameters ljH_ and ly include the off-state output current. 

8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 
NOTE 1: Icc is measured with SO and S1 at 4.5 V and all CB and DB pins grounded. 


switching characteristics over recommended ranges of supply voltage and operating temperature 
(see Note 2) 


PARAMETER pas u TEST CONDITIONS 
(INPUT) (OUTPUT) 


oe DB and CB S1=H, SO=L, R, =500 9 


S1=L,SO=H, R_=5000| 26 
TSH, SO=L, Ap=s00@] 40 
DB and CB 2 Be L 
S1=L, SO=H, Ri =500 2 40 
[pa | Soran ST 
tPLH SO! and S11 


O 
A =680 0 nica SRE 
: 


| _SN54ALS635__—|_—_SN74ALS635 
UNIT 
MIN TYPt MAX | MIN TYPt MAX 


: 


tod ; 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 


40 
24 
24 
24 


: 


| 


: 


Se oe 
ee eS 
meee’ rsa ie 
SEN Oia 
: ME wes ETS 
Ze eee MA weed Earee eS Be 
SO ee 
sm SCTE Ea FMS PN CTR BUGGER TRSIRSES SES 
Po cipga ep ee Se ow 
peer Ber SC 
ee 
Bae 


: 
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SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN54ALS634B, SN54ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


eR Se ee 
I i | 
}+—_— h(8) Sprascereg 
i 


se eee 


Pe ee Re ee 
| 
oo th(9) taj 
' Se Se. SEB | — dis?) 


y | 
SSN _X_ error connecren oarawono 55555) 
DBO THRU DB31 INPUT DATA WORD 222222227, OUTPUT CORRECTED DATAWORD >>> 


i : he—-— t,., 
! 
OEBO THRU OEB3 . ; f | 


1 
te 51) —H— (9) —9I 
; (*— dis —> 
! 
CBO THRU CB6 INPUT CHECK WORD >>, OUTPUT SYNDROME CODE PPS 


! i 
ERR LLL OL DER LAG RAEI 
<a ee noe 


FIGURE 1. READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 


. sjonpolg }uswebeuey Aiowely IS TA 


! OUTPUT CORRECTED DATA WORD 


SS SSS TN 
DBO THRU DB7 INPUT DATAWORD) = >>> See SSS INPUT MODIFIED BYTE 0 >>> 


| 
I 2 
SSS SSSA 
DB8 THRU DB15 INPUT DATA WORD 77 OUTPUT CORRECTED DATA WORD W777 7 
I I 
MASA : SASS 
DB16 THRU DB23 INPUT DATA WORD ane, OUTPUT CORRECTED DATA WORD 7777 
! ! . 


SSSSS \AAAY 
DB24 THRU DB31 INPUT DATA WORD >??7 OUTPUT CORRECTED DATA WORD SPST I 


1 nena oO AE TS | Seaerer 
OEB1 1 
! | 
OEB2 7 | 
| 
I 


nBtabos fecns fe tsu(3) > 
LEDBO ant PLL | QA 


oes ROPERS SMR E ES OST EES RT 
SS ( __ouTPUTSYNDROME CODE , XX OUTPUT CHECK WORD >>> 
CBO THRU CBE INPUT CHECK WORD DPP72 OUTPUT SYNDROME CODE | OUTPUT CHECK WORD WP?7?7Z 


FIGURE 2. READ, CORRECT, MODIFY MODE SWITCHING WAVEFORMS 
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SN54ALS632B, SN54ALS633, SN54ALS634B, SN54ALS635 
SN74ALS632B, SN74ALS633, SN74ALS634B, SN54ALS635 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


'¢—— th(10) —_9 
i i 


! 
J tsu(6)-Phe— th(11) >} Paes era 
! ! 1 


CBO - 
INPUT VALID) =\\A QQ 
Tay CHECK WORD 77 OUTPUT VALID CHECK WORD OUTPUT SYNDROME CODE ZZ 
! 


VERIFY PROPER OPERATION OF ERR FLAG, FLAG SHOULD BE LOW 
WITH A DIAGNOSTIC DATA WORD WITH A SINGLE ERROR 


‘ VERIFY PROPER OPERATION OF ERR FLAG 
(FLAG SHOULD BE HIGH) 


VERIFY PROPER OPERATION OF MERR FLAG, FLAG SHOULD BE LOW 


akg WITH A DIAGNOSTIC DATA WORD WITH A DOUBLE ERROR 


VERIFY PROPER OPERATION OF MERR FLAG 
(FLAG SHOULD BE HIGH) 


FIGURE 3. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 


32-BIT caer ERROR DETECTION AND CORRECTION CIRCUITS 


Detects and Corrects Single-Bit Errors 
Detects and Flags Dual-Bit Errors 
Built-in Diagnostic Capability 


Fast Write and Read Cycle Processing 
Times 


Byte-Write Capability . . . ‘AS632 


Dependable Texas Instruments Quality and 
Reliability 


DEVICE | PACKAGE | BYTE-WRITE OUTPUT 
"AS632 52-pin yes 3-State 
‘AS634 48-pin no 3-State 


description 


The ‘AS632 and ‘AS634 devices are 32-bit 
parallel error detection and correction circuits 
(EDACs) in 52-pin (‘AS632) or 48-pin (‘AS634) 
600-mil packages. The EDACs use a modified 
Hamming code to generate a 7-bit check word 
from a 32-bit data word. This check word is 
stored along with the data word during the 
memory write cycle. During the memory read 
cycle, the 39-bit words from memory are 
processed by the EDACs to determine if errors 
have occurred in memory. 


Single-bit errors in the 32-bit data word are 
flagged and corrected. 


Single-bit errors in the 7-bit check word are 
flagged, and the CPU sends the EDAC through 
the correction cycle even though the 32-bit data 
word is not in error. The correction cycle will 
simply pass along the original 32-bit data word 
in this case and produce error syndrome bits to 
pinpoint the error-generating location. 


Dual-bit errors are flagged but not corrected. 
These errors may occur in any two bits of the 
39-bit data word from memory (two errors in the 
32-bit data word, two errors in the 7-bit check 
word, or one error in each word). The gross-error 
condition of all lows or all highs from memory 
will be detected. Otherwise, errors in three or 
more bits of the 39-bit word are beyond the 
capabilities of these devices to detect. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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‘AS632 .. . JD PACKAGE 
(TOP VIEW) 


—"-- © WON OO SF WHNH 
-—- © 


at ah od | ed 
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‘AS632 .. . FN PACKAGE 
(TOP VIEW) 


NC [}10 
DB3 711 
DB4 fj12 
DB5 [13 

OEBO 114 
DB6 fJ15 
DB7 f)16 
GND {J} 17 
GND [)18 
DBs []19 
DBg [J 20 

OEB1 [21 
DB10 
DB11 23 

DB12 UJ 24 

DB13 25 
DB14 [J 26 


NC —No internal connection 


Copyright © 1986, Texas Instruments Incorporated 
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Read-modify-write (byte-control) operations can be performed with the ‘AS632 EDAC by using output 
latch enable, LEDBO, and the individual OEBO thru OEB3 byte control pins. 


Diagnostics are performed on the EDACs by controls and internal paths that allow the user to read the 
contents of the DB and CB input latches. These will determine if the failure occurred in memory or in the 


~ s}onpold juowebheuey Aiowsly ISTA 


EDAC. 
‘AS634 ... JD PACKAGE ‘AS634 ... FN PACKAGE 
(TOP VIEW) (TOP VIEW) 
MERR (]1 Vcc 
ERR [2 
pBo G3 
pB1 4 1) DB31 
pB2 M5 ') DB30 
pB3 G6 1) DB29 
pB4 47 1}DB28 
pB5 Us 1} DB27 
oeEDB U9 40 L) DB26 
DB6 Lj 10 39 LU DB25 
DB7 UW"! 38 LJ DB24 
GND Lj 12 LJ GND 
DBs Uj 13 LJ DB23 
pB9 Lj 14 35 LU pB22 
pB10 (15 3410 DB21 
DB11 Lj 16 1] DB20 
pB12 17 321) pB19 
DB13 1}DB18 
DB14 30[]DB17 
DB15 2910) DB16 
CB6 28 [) CBO 
CB5 1) CB1 


CB4 1} CB2 
OECB 25U CB3 


NC—No internal connection 


TABLE 1. WRITE CONTROL FUNCTION 


DB CONTROL | DB OUTPUT LATCH 
Y| EDAC  ICONTROL as ERROR FLAGS 
TEMS: DATA 1/0 OEBn OR (‘AS632) CHECK 1/0 |CONTROL| ——. —__~ 
CYCLE | FUNCTION | $1 SO Tatil seszticia __- | ERR MERR 
OEDB LEDBO 
t Output 
de eee ee. Input H x /_ L H H 
check word check bitst 


TSee Table 2 for details on check bit generation. 


memory write cycle details 


During a memory write cycle, the check bits (CBO thru CB6) are generated internally in the EDAC by seven 
16-input parity generators using the 32-bit data word as defined in Table 2. These seven check bits are 
stored in memory along with the original 32-bit data word. This 32-bit word will later be used in the memory 
read cycle for error detection and correction. CBO, CB1 and CB2 are odd parity bits and CB3, CB4, CB5, 
and CB6 are even parity bits. For example, for a data word of all zeros CBO-CB2 will be high and CB3-CB6 
will be low. 


tis 
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TABLE 2. PARITY ALGORITHM 


CHECK WORD 32-BIT DATA WORD 


BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413 12 1110 9 87654321 0 


Xe : 
Ee Re) eo ae te! 


The seven check bits are parity bits derived from the matrix of data bits as indicated by ‘‘X"’ for each bit. 
\ 
error detection and correction details 
During a memory read cycle, the 7-bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they are at the high level. 


The first case in Table 3 represents the normal, no-error conditions. The EDAC presents highs on both 

flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal 

for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 

of double-bit errors will cause the EDAC to signal lows on both ERR and MERR, which is the interrupt 
_indication for the CPU. 


TABLE 3. ERROR FUNCTION 


TOTAL NUMBER OF ERRORS ERROR FLAGS DATA CORRECTION 
32-BIT DATA WORD 7-BIT CHECK WORD ERR MERR 


0 @) Not applicable 
1 0 Correction 
e) 1 Correction 
1 1 Interrupt 
2 0 Interrupt 
@) 2 Interrupt 


Error detection is accomplished as the 7-bit check word and the 32-bit data word from memory are applied 
to internal parity generators/checkers. If the parity of all seven groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 


| VLSI Memory Management Products 


If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. Any single error in the 32-bit data word will change the state of either three , 
or five bits of the 7-bit check word. Any single error in the 7-bit check word changes the state of only 
that one bit. In either case, the single error flag (ERR) will be set low while the dual error flag (MERR) will 
remain high. 


Any two-bit error will change the state of an even number of check bits. The two-bit error is not correctable 
since the parity tree can only identify single-bit errors. Both error flags are set low when any two-bit error 
is detected. 


Three or more simultaneous bit errors can cause the EDAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three cases. It should be 
noted that the gross-error conditions of all lows and all highs will be detected. 
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TABLE 4. READ, FLAG, AND CORRECT FUNCTION 


MEMORY | EDAC ERROR FLAGS 
CYCLE | FUNCTION ERR MERR 


Enabled t 


| ok iw, 
Latch input Latched 
check word 
Output Output Output 
Read corrected data corrected syndrome L Enabled t 
& syndrome bits data word 


TSee Table 3 for error description. 
+See Table 5 for error location. 


Read & flag 


As the corrected word is made available on the data I/O port (DBO thru DB31), the check word I/O port 
(CBO thru CB6) presents a 7-bit syndrome error code. This syndrome error code can be used to locate 
the bad memory chip. See Table 5 for syndrome decoding. 


~ sjonpoig }uswebeuey Aiowsly ISTA 


4 
TEXAS 
: INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


7-110 


SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


TABLE 5. SYNDROME DECODING 
rae —. 


SYNDROME BITS ERROR 


SYNDROME BITS ERROR 
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a a 
LH 
ae 
L H 
Lan 
SA | 
od a | 
LH 
LH 
LH 
Eds 
LH 
Con 
CH 
LH 
CH 
Si 
LH 
LH 
tC nh 
OD a. 
Lo 
is 
LH 
ae 
a a 
LH 
Tee 
LH 
ORS 
Lh 
L H 


iis chica Pg al fe > ein ea wl FL RN og ON AN | Ha occ ote coe Sygate weg =f Ufo enpsn  ce: seh pe oll BF NY casa el oat) opr ca of ME 
taridtltrixzxrxrxrrrxrxrrlrrxrrrrrrrrirzrirr:t 
PaUA conf soil cart € cceall cond atl soit) A met) conc act mart Hamel large dagen re (pes aca sk woe) aor sg aM Foot pus) [Leet "stig ate eal Caged ee at 9 
Fi ea ia oak aap hm eee Sha: ais al een pee pec cl Oo ole ee cog) (ee gee ete aff: a De capes: wags a 5 Ul deg od add at A ea, sn alia 
Sr ape es a ooh ea ro ae ce] [Re Seca yr i ol WT aM ak ald sel Un SRS IRI SS A A ae rel md. et Mh gm an > kA oH cole ea men og 
a SAR cae coal (bo lle LGN ae end ise ean com meDA corr Uta ligt wa aaah) al Fst yf sa gel oo ie opel | i Ey OC raat ol Fa: re 
Si eee ee ee So ree ie Se a: bec, (Ep aie eke a oe (ee ak Fy oe pee lek rr 
SS i es Se Se a ee a a ee SE SE ee ee 
Sr es se So ee a ees a) ae ee ee 
Te ua ae SS eee ek ee toe Eee fon SC ee Eee te hr ie oie cir Rea 
or VS (SE Se eee SE See one RA ee ae ak ek ces eo ead eee ee es 
Bee Te ae ler te on: Pete eke US eek Biter oe ok cis ap ake baker coke Pred Brin Oy toe el ids | ks eke RE Bee Sr 
SS a i ee a ee re ae ee a a ee ee PT 
SE ae pk Fale evade ditin alas: Iolo ae eke Mv iake IE riko nie ck. Thy ake Geentake: | Ot Cl) Rani ak. Wok ee 


Seer car SE Ne te te ere oe et eee ee Ee he er SE ee ce ee: eee 
Ti eee So eile els. Se Se SS rl ees ee eS eee 
Tie eis eS ere ers aa eel Oe Se eee ae Se 
SF Eee S79") oats Vek ake: kth eked seed chs cds bck) Coe gk LER ae alt ee eae oe Oba t ee, nee” Woe de rE Sy Wr kore ices 


L 
L 
L. 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L. 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


mee ee ee ee ee eee ee Ae eee ome Cea ee ee rene 
Sie element ee eee rie ee eee ee ee eae epee oi 
Sy or et bee oe Nae isk, ck bee | ce Makes “ee piee Pe i ate or a pe ae. eer Bere 
Ss amg at Ae bs a) Se ela co a RA cma come il ft am oc EY pv sR a es MRR ee al ome el Yo) ata ea ar I 
Soar a ie eerie eben Let oir bck ae oe ei et a Ee rae 
ae ae eee ar ae. Orie eke Eure OL, ee eee te Pt. ake a ee ee ee eS ie 
teaorlteocericeoceizcercerlrer rcerlrertelrtererlrerier 


CB X= error in check bit X 

DB Y= error in data bit Y 

2-bit = double-bit error 

unc = uncorrectable multibit error 


read-modify-write (byte control) operations 


The ‘AS632 is capable of byte-write operations. The 39-bit word from memory must first be latched into 
the DB and CB input latches. This is easily accomplished by switching from the read and flag mode (S1 = H, 
SO = L) to the latch input mode (S1 = H, SO = H). The EDAC will then make any corrections, if necessary, 
to the data word and place it at the input of the output data latch. This data word must then be latched 
into the output data latch by taking LEDBO from a low to a high. 


Byte control can now be employed on the data word through the OEBO through OEB3 controls. OEBO 
controls DBO-DB7 (byte 0), OEB1 controls DB8-DB15 (byte 1), OEB2 controls DB16-DB23 (byte 2), and 
OEB3 controls DB24-DB31 (byte 3). Placing a high on the byte control will disable the output and the user 
can modify the byte. If a low is placed on the byte control, then the original byte is allowed to pass onto 
the data bus unchanged. If the original data word is altered through byte control, anew check word must 
be generated before it is written back into memory. This is easily accomplished by taking control S1 and 
SO low. Table 6 lists the read-modify-write functions. 
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OL 
MEMORY | eDAC FUNCTION wired BYTEnt | OEBnt 
CYCLE S1 SO 


sao Latch input data 
sy & check bits 


Modify 
/write 


TOEBO controls DBO-DB7 (BYTEO), OEB1 controls DB8-DB15 (BYTE1 ), OEB3 controls DB 16-DB23 (BYTE2), OEB3 controls DB24-DB31 
(BYTE3). 


TABLE 6. READ-MODIFY-WRITE FUNCTION 


CHECK 1/O °F 
CONTROL 


Input Enabled 
Input 


H H ut Enabled 
data check word 
Latched ity in eee es eae ob ae 
tput 
4 on | Output - Cutoy Enabled 
data Syndrome 
word bits 


Input 
L H H 


DB OUTPUT 


ERROR FLAG 
ERR MERR 


Latched 


input 


H 
H 

Latch corrected 
H 


data word into 
output latch 


modified 
BYTEO 


Modify appropriate 


byte or bytes & Output 


check word 


generate new Output 
unchanged 


BYTEO 


check word 


diagnostic operations 


The ‘AS632 and ‘AS634 are capable of diagnostics that allow the user to determine whether the EDAC 
or the memory is failing. The diagnostic function tables will help the user to see the possibilities for diagnostic 
control. 


In the diagnostic mode (S1 = L, SO = H), the checkword is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known 
checkword. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
be low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the checkword is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched checkword. With the ‘AS632, the diagnostic data word can be latched into the output data 
latch and verified. It should be noted that the ‘AS634 does not have this pass-through capability because 
they do not contain an output data latch. By changing from the diagnostic mode (S1 = L, SO = H) to 
the correction mode (S1 = H, SO = H), the user can verify that the EDAC will correct the diagnostic data 
word. Also, the syndrome bits can be produced to verify that the EDAC pinpoints the error location. Table 7 
(‘AS632) and Table 8 (‘AS634) list the diagnostic functions. 
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DB BYTE | DB OUTPUT CB 


TABLE 7. ‘AS632 DIAGNOSTIC FUNCTION 
CONTROL ERROR FLAGS 


CONTROL 
EDAC FUNCTION DATA 1/0 CHECK 1/O a ee 
$1 SO ERR MERR 
Input t Input t 
Read & flag Toman BPUr SORES H x irae apes H a PSH 
data word check bits 


Latch input check 
word while data 


Input Latched 


diagnostic input H Enabled 
data word?! check bits 
Output latched 
diagnostic check bits” Enabled 
data word? i 
Latched Output 
input syndrome 
Enabled 

diagnostic i 
data word i 

Enabled 
Output Output 
corrected syndrome Enabled 
diagnostic bi set 
data word i 


TABLE 8. ‘AS634 DIAGNOSTIC FUNCTION 


CONTROL DB CONTROL ERROR FLAGS 
$1 so OECB ERR MERR 
Read & flag Input correct Input mae. a 
data word . check bits 


Latch input check 
Latched input Enabled 
n 
check bits sa 


input latch remains 


transparent 


Latch diagnostic Input 
data word into 


output latch 


Latch diagnostic 
data word into 


input latch 


Output diagnostic Output 
data word & 


syndrome bits 


diagnostic 


data word 


Output corrected 


diagnostic data 
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word & output 


syndrome bits 


; : Input 
bits while data : E 
diagnostic 


input latch remains t 
data word 


transparent 


Latched input 
diagnostic 


Latch diagnostic 
data into 
input latch 


Output 
syndrome bits Enabled 
‘ data word i 
Output corrected Output 
diagnostic syndrome bits Enabled 
data word i 


t Diagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data 
word will contain errors in two bit locations. 


Output corrected 
diagnostic 
data word 


OEDB 
‘ eges 
| 
Input ; 
Output input : - : : Output input 
; L H diagnostic H é L Enabled 
check bits t check bits 
data. word 
L 
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‘AS632 logic diagram (positive logic) 


DECODER 


SYNDROME 
GENERATOR 


CHECK-BIT 
GENERATOR 
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DBO-DB7 1D 
DB8-DB15 az 
DB16-DB23 gE 
DB24-DB31 
she 
GEES ERROR 
CORRECTOR 
OEB1 5 = eS LATCHES 
ee Se es 
& 
ae marae. PE 
LEDBO 
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‘AS634 logic diagram (positive logic) 


DECODER 

XY SYNDROME =z 

0 GENERATOR 3 

0 no) 

SO 1 3 © 
a 

w 

Si} 2 3 CHECK-BIT e- 
2 GENERATOR = 

(See Table 2) - rT) 

n°?) 

© 

= 

is] 

; C1 > an 
BO. 7 

CB6 w e 
i) 

MUX S 

. ® 

Og GO => 

5 2 63 

ERROR ” 

OECB 5 DETECTOR > 

(See Table 3) 
DBO-DB31 See 
32 


ERROR 
CORRECTOR 


BUFFERS 


4 
OEDB 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Stipoly, voltage, Ver tence) Note 4) 8s... ce cee BS rce gb nee? he Pua he eR eR I ee Sat 7V 
Pepa Verran Cote WS 5S ame a ne os Gea aS ia eb ey hs Hk Cen aR ee eG RS god doen 5.5°V 

PETIT 5S, Bo le cw hs ats TOE ep en lsc Gee ae eRe pe UE caf oe elie Fae ate 7V 
Operating free-air temperature range: 

Shi ae Ae SAG O4 ss Sod. hare 25-0 eee ee OL 0°C.10;:70°C 
Operating case temperature range: | 

Shine e; SieermOSt 6 els a he eer o es eee — 55°C to 125°C 
Storage: tamposature Tonge | <56 a Soe Sie oe wes peek ei @ ae gee —65°C to 150°C 


recommended operating conditions 


SN54AS632 SN74AS632 
Sarai me 54AS634 cares UNIT 


Vee Supply varags pass sas 8 se] ee 


Low-level input voltage ee aes LS 
Si> Hokioeeceee eee Rese OS ee 
i vel output curren 
es s DB or CB Pe oe as 
lo_ Low-level output current 
OB or CB Resi wae = 


tw _—sCPulse duration LEDBO low ae eee a 


(1) Data and check word before SOT 3 
(S1 =H) 


(2) SO high before LEDBOt ($1 =H)t 


(3) LEDBO high before the earlier of 
SO! or S1iT 


(4) LEDBO high before $1T (SO =H) 
tsy Setup time 


(5) Diagnostic data word before S1T 
(SO =H) 


- sjonpoig }uswebeueyy AioweW IS TA 


(6) Diagnostic check word before the 
(7) Diagnostic data word before 
TEDBOt (S1=L and SO= Hi 


(9) Data and check word after SOT 
(S1 =H) 


(10) Data word after S1f (SO =H) ee eee 
th Hold time 
(11) Check word after the later of 
$11 or SOT 
(12) Diagnostic data word after 
*LEDBOT (S1=L, SO=H)+ 


ea Correction time (see Figure 1)8 
Operating case temperature 


Operating free-air temperature 


T These times ensure that corrected data is saved in the output data latch. 

+ These times ensure that the diagnostic data word is saved in the output data latch. 

8The tcorr Specification includes the minimum setup time tgy(1). The correction time from SO going high to valid data is equal to 
tcorr Minus tgy(1). 
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electrical characteristics over recommended operating temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Vcc = Open, | = —18 mA 
All outputs Vec = 4.5Vto5.5V, IoH = -0.4 mA 
Vcc = 4.5 V, lIoH = -—1mMA 
loH = —2.6 mA 
loH = 4mA 
lo. = 8mA 


Cc 
2 


DB or CBt 
All others? 


mm 


[mA 


lcc ; See Note 1 


NOTE 1: Icc is measured with SO and S1 at 4.5 V and all CB and DB pins grounded. 


switching characteristics over recommended supply voltage range and operating temperature range 
(see Note 2) 


. VLSI Memory Management Products 


SN54AS632 SN74AS632 


Tsi=H,SO=L A= 5000 | 4 
Tst=t,S0=H, R= 5000 | 4 
[MERA [S1=H,S0-L, R= 5000 
@ | St=L, SO=L, Ri =A2— 5000 
[ce [So=H,Ri=R2=5000—*| 


i) NO 
ob a 
o ~ 


ab 
= 
~ 


SO =H, S1 =X, R1 = R2 = 5000 1 
SO =H, S1 =X, R1 = R2 = 500 


SO =H, S1 =X, R1 = R2 = 5000 


| 
! 


aki Nh NO} Rh 
~ i) SIN 


_ 
~s 


PER] 
C 
B 
SO =H, S1 =X, R1 = R2 = 500 
is 
ae 


ee 
= 
™S 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 

+For I/O ports, the parameters lj} and Ij, include the off-state output current. 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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electrical characteristics over recommended operating temperature range (unless otherwise noted) 


SN54AS634 SN74AS634 


PARAMETER TEST CONDITIONS ; 
MIN TYPT MAX | MIN Typt 


ly = -—18 mA 


All outputs 


IOH = -—1MA 
IOH = —2.6 mA 
4 IOH = 4mA 
lol = 12 mA 
lo. = 24 mA > 
Vi=7V 


Icc 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 

+For I/O ports, the parameters liH,_ and ly, include the off-state output current. 

8The output conditions have been chosen to produce a Current that closely approximates one half of the true short-circuit output current, los. 
NOTE 1: I¢c is measured with SO and S1 at 4.5 V and all CB and DB pins grounded. 
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switching characteristics over recommended supply voltage range and operating temperature range 
(see Note 2) 


E 7 SN54AS634 
PARAMETER _— - TEST CONDITIONS 
(INPUT) | (OUTPUT) | MIN ‘MAX | 


mieiGe fi en (enemas Le 
ceuaiall orem  peNeeuReeen Fee fe 
R1=R2=500 0 
eabaoe sist EC 54h 00, et es | oe ee 
[pe | cB | St=L, so=t, ai=Aa=6000 | 42a | 
sit | ce [Sos ni=n2-s000 | 3a 

B Hie tes ses | 


$1=X, SO=H, R1 =R2=500 0 


E 
$1 =X, SO=H, R1=R2=500 0 
pba | S1=x,S0=H, RiqA2=s000 | 1 ta | 17 | 
| pp | S1=X, SO=H, RI =R2=500 0 


NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986. 
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REA CORN ee 
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Mae ee a eee oe IA eg 


<< SSP TRE ROOTES. eo wa sa ee 


| 
| 
*4—_  tsu (1) —¥———_ th ( 9) ——_1 tdi 
| ' | per is 
SSD __X_ouur connecreo oarawono 555595 
DBO THRU DB31 INPUT DATA WORD 222222227, OUTPUT CORRECTED DATAWORD >>> 
1 k¢—— t.,, 4 
I 
OEBO THRU OEB3 : : 
ke ts 1) —-— th 9) ——4 ne 
: as dis —> 
Ss SSS. 
CBO THRU CBE INPUT CHECK WORD >>>) OUTPUT SYNDROME CODE 22227222 


ee ee 
ERR LLL ROLL AIDERRFLAG “LASISSS1A 
be ee 
MMA SSS CMI, EE TL CSCS 


FIGURE 1. READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 


: #— ten —) 
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eh hy) 
I 
so \ 

he READ $$ cor a €.€ 1) Sp) wrt > 
| 
! 
! | 
! OUTPUT CORRECTED DATA WORD 


Dp p> —{_imarnoairo vie 55) 
DBO THRU DB7 INPUTDATAWORD = >>4 fe sae ted S- INPUT MODIFIED BYTE 0 >>> 


DBS THRU DB15 INPUT DATA WORD P7773 OUTPUT CORRECTED DATA WORD IP777 


Saar conneerep oarawono 
DB16 THRU 0B23 INPUT DATA WORD ane, OUTPUT CORRECTED DATA WORD P7774 


SSSSS Ss 
DB24 THRU DB31 INPUTDATAWORD >>>) OUTPUT CORRECTED DATA WORD >>>; 
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tl fe ‘su(s) > 
LEREO eae ne PML | PMQOQAY 


SSX ____au rar svwonawe cove 1 ourrur enecx word D595) 
CBO THRU CB6 INPUT CHECK WORD eae OUTPUT SYNDROME CODE \ OUTPUT CHECK WORD P7777 


ERR Rt fe VALE ERR PLAS oe ERR FLAG 


FIGURE 2. READ, CORRECT, MODIFY MODE SWITCHING WAVEFORMS 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


— *su(5)—>} 
s1 
| 


! 7 
i }¢—-th(10) ——4 
u \ 


u i 
WS OUTPUT DIAGNOSTIC OUTPUT CORRECTED \\NY 
DBO THRU DB31 INPUT VALID DATA WORD INPUT DIAGNOSTIC DATA pati? DATA WORD DATA WORD A774 
| tdis—ft—1 


| 
eas ; I | ! 
OEBO tw i 
THRU i ! ! ! 
OEB3 i ; ; = : 

su(7)— su(4) }tpd-> 

LEDBO i 

; be—!— th (12) 

fe tsu(6) DEE th(11) D4 le— tpg—> 
‘ 


INPUTVALID) = \\Y QA) 
Y DE 
new CHECK WoRD 77 OUTPUT VALID CHECK WORD OUTPUT SYNDROME CO ZZ 
' 


VERIFY PROPER OPERATION OF ERR FLAG, FLAG SHOULD BE LOW 


VERIFY PROPER OPERATION OF ERR FLAG 
( WITH A DIAGNOSTIC DATA WORD WITH A SINGLE ERROR 


FLAG SHOULD BE HIGH) 


VERIFY PROPER OPERATION OF MERR FLAG, FLAG SHOULD BE LOW 
WITH A DIAGNOSTIC DATA WORD WITH A DOUBLE ERROR 


VERIFY PROPER OPERATION OF MERR FLAG 
(FLAG SHOULD BE HIGH) 


FIGURE 3. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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SN74ACT2151, SN74ACT2153 
1Kx12 CACHE ADDRESS COMPARATORS 


03105, SEPTEMBER 1987—REVISED MARCH 1988 


e Fast Address to Match Delay JD OR N PACKAGE 
'ACT2151 25 and xx ns Max (TOP VIEW) 
‘ACT2153 28 and xx ns Max 


@ On-Chip Address/Data Comparator 

@ On-Chip Parity Generator and Checking 

e Parity Error Output, Force Parity Error Input 
e Easily Expandable 


e Choice of Open-Drain or Totem-Pole 
MATCH Output 


e EPIC™ (Enhanced Performance Implanted 
CMOS) 1-1m Process 


@ Fully TTL-Compatible 


FN PACKAGE 
description aad Rae 
The 'ACT2151 and 'ACT2153 cache address 
comparators consist of a high-speed 1K x 12 
static RAM array, parity generator, parity checker, — 
and 12-bit high-speed comparator. They are 
fabricated using advanced silicon-gate CMOS 
technology for high speed and simple interface 
with bipolar TTL circuits. These cache address 
comparators are easily cascadable for wider tag 
addresses or deeper tag memories. Significant 
reductions in cache memory component count, 
board area, and power dissipation can be 
achieved with these devices. The ‘ACT2151 has 
a totem-pole match output while the 'ACT2153 
has an open-drain MATCH output for easy AND- 


tying. 


lf S is low and W is high, the cache address comparator compares the contents of the memory location 
addressed by AO-A9 with the data DO-D10 plus generated parity. An equality is indicated by a high level on 
the MATCH output. A low-level output on PE signifies a parity error in the internal RAM data. PE is an N- 
channel open-drain output for easy OR-tying. During a write cycle (S and W low), data on DO-D10 plus 
generated odd parity are written in the 12-bit memory location addressed by AO-A10. Also during write, a 
parity error may be forced by holding PE low. 


PRODUCT PREVIEW ~ VLSI Memory Management Products 


A reset input is provided for initialization. Wnen RESET is taken low, all 1K x 12 RAM locations are cleared to 
zero (with valid parity) and the MATCH output is forced high. If an input data word of zero is compared to any 
memory location that has not been written into since reset, MATCH will be high indicating that input data, plus 
generated parity, is equal to the reset memory location. PE will be high after reset for every addressed 
memory location, indicating no parity error in the RAM data. By tying a single data input pin high, this bit will 
function as a valid bit and a match will not occur unless data has been written into the addressed memory 
location. When cascading in the width direction, only one bit must be tied high regardless of the address 
width. 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCT PREVIEW documents contain information , Copyright © 1988, Texas Instruments Incorporated 
on products in the formative or design phase of y | 
development. Characteristic data and other 73124 


specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these INST RUMENTS 
products without netice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ACT2151, SN74ACT2153 
1Kx12 CACHE ADDRESS COMPARATORS 


These cache address comparators operate from a single 5-V supply and are offered in 28-pin 600-mil ceramic 
side-brazed, plastic dual-in-line, or PLCC packages. . 


The SN74ACT2151 and SN74ACT2153 are characterized for operation from 0°C to 70°C. 


MATCH OUTPUT DESCRIPTION 


MATCH = Von if: (AO-A9) = DO-D10 + parity, 
or: RESET = Vi, 
or: S = Vin, 
or: W = VIL 
MATCH = Vo, if: (AO-A9) # DO-D10 + parity, 
with RESET = Vip, 
S =Vi_, andW = Vip 


FUNCTION TABLE 


Undefined error 
Equal 


ees et Seta A | ate FUNCTION 
W S RESET | MATCH PE 

L L Parity error 
H L H L H 

H L 

H H 


Not equal 
T The state of PE is dependent on inputs W and S. 


M3IASsHd Lonaoud . sjonpoig }usWweBHeueW AlOWweW ISTA 
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1Kx12 CACHE ADDRESS COMPARATORS 


logic symbolst 


CACHE ADDRESS 


COMPARATOR 
© 
‘ALS2151 

RESET RESET 
Ww Ww 
s s 
AO 0 AO 
Al 1 Al 
A2 2 A2 
A3 3 A3 
cs 2s Lean 
kia g { ADDRESS a 
A7 7 A7 
A8 8 A8 
AQ 4 AQ 
DO DO 
D1 D1 
D2 D2 
D3 D3 


D4 D4 
D5 DATA D5 
D6 D6 


D7 D7 
D8 D8 
D9 D9 
D10 D10 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


(1) 
(12) 
(15) 
(6) 
(5) 
(4) 
(3) 
(2) 
(27) 
(26) 
(25) 
(24) 
(23) 
(7) 
(8) 
(9) 
(10) 
(21) 
(20) 
(19) 
(18) 
(17) 
(11) 
(22) 


CACHE ADDRESS 
COMPARATOR 
} 
‘ALS2153 


Be 


ij WRITE 
[I SELECT 


RAM 


ADDRESS MATCH S 


0 
1 
2 
3 
4 
5 
6 
” f 
8 
9 
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1Kx12 CACHE ADDRESS COMPARATORS 


logic diagram (positive logic) 


PARITY 
CHECKER 


PAAAAADAAD J 
PASS) a ea a EP OS 
we ecneeaneee 

Be GS 


PARITY 
GENERATOR 


a A te 


©) 
Les) 
cy 
+ 
= aS 
mc 
b> | 
wn 


(12) 


=| 
Be. 
eo 
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1Kx12 CACHE ADDRESS COMPARATORS 


AO 
Al 
A2 
A3 
A4 
AS 
AG 
A7 
A8 
AQ 


14 


Address inputs, Addresses 1 of 1024 random access memory locations. Must be stable for the duration of the write cycle. 


Data inputs. Compared with memory locations addressed by A0-A9 when W is at Vjy and S is at Vj. Provides input 
data to the RAM when W and S are at Vj,. 


Ground 

When MATCH output is at Voy during a compare cycle, DO-D10 plus generated parity equals the contents of the 12-bit 
memory location addressed by AO-A10. MATCH is also driven high during deselect and reset. Since the 'ACT2153 
features an open-drain MATCH output, an external pull-up resistor of 220 2 minimum is required. 


Parity error input/output. During compare cycles. PE at Vo, indicates a parity error in the stored data. During write cycles, 
PE can force a parity error into the 12th-bit location specified by AO-A9 when PE is taken to Vj,. PE is an open-drain output 
so an external pull-up resistor of 220 2 minimum is required. 


Write.control input. Writes DO-DO and generated parity into RAM and forces MATCH high when W and S are at V_. Places 
selected device in compare mode when W is at Vip. 
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SN74ACT2151, SN74ACT2153 
1Kx12 CACHE ADDRESS COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDDIV VORNADO NC tet SOG NOLS 1) aire as 2a a cee wae ep ER Sp eye bg eee teams -1.5to7V 
POU VON GG: NIV ess cs ik eg eo 0s ne le oa pO ah ae ee ee =41:,510.7 V 
Onetating free-air temoerature Tange snack. ee Ses a ota eee ea 5 a cep ree 0°C to 70°C 
SIOMIGS Wormer ae TaOUOs: = = See a os ae lars aw Oe nee oe aaa ee —65°C to 150°C 


NOTE 1: All voltage values are with respect to GND. 


recommended operating conditions 


Sa eee eee en a ene es eee 
Voc Supply voltage 4.5 5 Tee aS 
Vi. High-level input voltage 2.2 Voct05 | Vv | 


Vit _—+Low-level input voltage (See Note 2) 0.8 
VOH High-level output voltage, MATCH ('ACT2153) and PE outputs only 5.5 


IOH High-level output current, MATCH (‘ACT2151) 
MATCH — 'ACT2151 
MATCH — ‘ACT2153 


-0.5 
2 
Si Seer S54 ES Ce en 
O 


NOTE 2: The algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 


IOL Low-level output current 


perating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 


SN74ACT2151-xx 
PARAMETER 


SN74ACT2153-28 SN74ACT2153-xx UNIT 
MIN TYPt MAX | MIN- TyPt MAX 
High-level MATCH (’ACT2153) BE se 
aL Vou =5.5V, Veer =5.5V 
High-level ' 
V MATCH (‘ACT2151) |loy =—-8mA, Voc =4.5V| 3.7 3.7 
OF _ output voltage oh i: ee 


MATCH - 'ACT2153_ |loL = 24mA, Voc = 4.5V (Ce Saas 
MATCH - ‘ACT2151_ |IoL=8mA, Voc =4.5V CER Sees ee ers tS 


SN74ACT2151-25 


TEST CONDITIONS 


Low-level 
output voltage 


5 
1 
lost Short-circuit | matcH (‘ACT2151)_|Vo = 0, Veo =55V] 50 150 | 50 5 
Output current 
5 


VOL 


Icc1 Supply current (operative) gee 


C Input capacitance 


Co Output capacitance 


T All typical values are at Voc = 5 V, Ta = 25°C. 
+ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN74ACT2151, SN74ACT2153 
1Kx12 CACHE ADDRESS COMPARATORS 


switching characteristics over recommended ranges of supply voltage and’ operating free-air 
temperature (unless otherwise noted), see Figures 1, 2, and 3 


SN74ACT2151-25 SN74ACT2151-xx 
PARAMETER 
MIN TYPt MAX | MIN TYPT MAX 
ta(A-M) Access time from address to MATCH Sere Sa e 
ta(A-PH) Access time from address to PE high ae. See 


Heron katie’ 
ta(A-PL) Access time from address to PE low Reeaee Sooke 
ta(S-M) Access time from S to MATCH pies Saas 

-ip(o-m) Propagation time, data nputstoWATCH iY 

Sere oc ean 

isis, © eapaiinme SuohoMeth Me 

p(w.) Propagation time, Wiow toMATCH high SSS 

Gum. comebiin, Winch 

pe ey 
See SEES 
pe seo 
Be ee 


tv(A-M) MATCH valid time after change of address 
tv(D-M) __ MATCH valid time after change of data 


ty(S-M) MATCH valid time (low) after S high 


ty(A-P) PE valid time after change of address 


SN74ACT2153-25 SN74ACT2153-xx 
PARAMETER UNIT 
: MIN TYPt MAX | MIN” TYPTtT MAX 
ta(A-M) Access time from address to MATCH : 


ta(A-PH) Access time from address to PE high 


Se 
ce 
a ee 
aces SAG aha ena 
Co see ae ed 
ee wee epee oe 
prea ig SR oe 
pc Be ee 
Paeaeeeie Oeeeres a 
Paes eee oe ee. SS 
See Sine ere ss ES 
Ses Se 
Pee. ee 


27 
15 
15 
11 
10 


19 
1 
10 
Z 
7 


ta(A-PL) Access time from address to PE low 


ta(S-M) Access time from S to MATCH 
to(D-M) Propagation time, data inputs to MATCH 


to(RST-MH) | Propagation time, RESET low to MATCH high 


REE Cees Bao 
ae 
ae 
oe at 
Tale 
isis ae) Propagation ime, SrighoMaTCHIgh Sd 
Fistw.ar) Propagation time, Wiow wo MATGHtigh == 
SF eS 
ewe 


ty(A-M) MATCH valid time after change of address 
tv(D-M) MATCH valid time after change of data 
ty(S-M) MATCH valid time (low) after S high 


ty(A-P) PE valid time after change of address 


T All typical values are at Vcc = 5 V, Ta = 25°C. 


aE 
PS i gee at 
i Ne Se 
Bees ean ee 
Bee See 
eee eee 
RiSR a Se Se 
fue een 
eg oe ee eee 
i Os ee 
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timing requirements over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) . 
SN74ACT2151-25 SN74ACT2151-xx 
PARAMETER SN74ACT2153-28 SN74ACT2153-xx UNIT 


iwWt)BE Pulse duration, W, wring PE (eoe Note 3 ML 205k ce eee 


15 
E a 


tsu(RST) RESET inactive setup time before W high =e eee ns 
ie PE 
eames | 


th(S) Chip select hold time after W high 
iavwhi Adress valid to write enabie high 


NOTES: 3. Parameters twPE(WL) 2nd tsy(p) apply only during the write cycle timing when writing a parity error. 
4. th(WL-D) guarantees that when W is taken low during a compare cycle with MATCH high, match will remain high without a 
glitch low. (As shown in the function table, W low forces MATCH high). th(wL-p) is guaranteed indirectly by ty(p-m) and 
t ‘ 
p(W-MH) 
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1Kx12 CACHE ADDRESS COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


FROM OUTPUT PO, | 3 ERS Res i 2 mn ga Ramee acacia Siti are = 
UNDER TEST okie NPUT 1.5.V 
C_ = 50 pFt < | a 
Bros p —tpda—o} 
| 


| | 
OUTPUT . 1.5V 
LOAD CIRCUIT 


VOLTAGE WAVEFORMS 
FIGURE 1. TACT2151 MATCH OUTPUT 


Vcc 
Ry = 220 
FROM OUTPUT Sen 
UNDER TEST 
a = 50 pFt 
oa OUTPUT 1.5V 1.5V 
LOAD CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 2. OPEN-DRAIN MATCH AND PE OUTPUTS 


TEST vi Ds 
POINT RL 
1.5 V . 
FROM OUTPUT INPUT | TV 
UNDER TEST 4—-—-———- Ov 
28s $2 tPzL—> i = le-tPLZ 
| =V 
= = \1.5 OAs. A £o3V is 
OUTPUT | |f~—¥ —— — VoL 
LOAD CIRCUIT l tpuz—pl ie 
tPZH-» ie be ag. 
| PL Bic 
OUTPUT 1.5V 0.3 V 
, =OV 


VOLTAGE WAVEFORMS 
FIGURE 3. 3-STATE DATA OUTPUTS 


TCL includes probe and test fixture capacitance. 
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PARAMETER MEASUREMENT INFORMATION 


write cycle timing 


V/V LAA AS 
>) ec a 4 


}¢—— tsu(A) —>I }¢—————— thi) ————_ 


nn | 
| | 


Cs | 
is) —— 
w 


i 
Ke twiWL/twiWL)PE— | 
(see Note 3) | 


SED 00000050 QAR CCC 
: + tout —04 l 
, 1 — thiWH-D) 


| 
PE (INPUT) | | | | 
| 


tsu(P) ————p| 


N . 
| (see Note 3) thip) 


MATCH | | | | | 


+ tpiw-m) 


PE (OUTPUT) \ . | 


le— tp(w-PH)—p| 


- MalAddd LONGOdd 


reset cycle timing 


RESET | ; | 


l¢———tw(RSTL)—_—b}¢—_——tsursT) ———_ 


ADDRESS 


sjonpoig }uswebeuey Aiowel IS TA 


MATCH | | | 


}¢-——— >} tp(R-MH) 


NOTE 3: Parameters tw(WL)PE 4nd tsy(p) apply only during the write cycle when writing a parity error. 
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PARAMETER MEASUREMENT INFORMATION 


compare cycle timing 


nous SXRX ness vase Xone vase YX 


7 SSOP ES 
itok 60009 GCC A QCD 
ieee aa 


—p|  je—tviD-M) ‘pis. eee 


| 
l¢—_—ta(s) ——I ke——pl—tviam) —tvis- m\4¢4—$> | 
l | | 
| 
MATCH : 
}¢——— ta(A-PL) ——®1 ke—pt—‘viA-P) 
i ta(A-PH) 


TYPICAL APPLICATION INFORMATION 


cascading the '‘ACT2151 and 'ACT2153 


The ‘ACT2151 and ‘ACT2153 are easily cascaded in width and depth. Wider addresses can be compared by 
driving the AO-AQ inputs of each device with the same index and applying the additional address bits to the 
DO-D10 inputs. The select (S) input allows these devices to be cascaded in depth. When a device is 
deselected, the MATCH output is driven high. It should be noted that a decoder can be used to drive the 
select inputs since the propagation delay from select to match is much faster than from address to match. 
MATCH on the ‘'ACT2153 is an open-drain output for easy AND-tying. Figure 4 shows the ‘ACT2153 
cascaded. 


‘ache coherency through bus watching 


When cache designs are implemented, the problem of cache coherency is always a concern. One solution to 
this problem is to implement bus-watching using the 'ACT2151 or '‘ACT2153. By storing the same tags in the 
bus-watcher RAM as are stored in the cache tag RAM, the bus-watcher will indicate a hit every time a cache 
address passes down the main address bus. If data is being modified in main memory, the index can be 
passed to the cache tag RAM for invalidation. Figure 5 shows a possible bus-watcher implementation. 


pplication 


Due to the high-performance switching characteristics of the 'ACT2151 and ‘ACT2153, it is necessary that the 
address inputs not be allowed to float in the three-state condition. Proper termination techniques should be 
employed. It is recommended that the RC time constant associated with the address inputs (63.2% of rise 
time at AO-A9) not exceed 60 ns. 
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TYPICAL APPLICATION INFORMATION 


DATA BUS 


M 
| 
Cc 
R 
0 
Pp 
R 
O 
Cc 
E 
Ss 
Ss 
O 
R 


‘ACT2153 


DO-D9 
D10 
AO-A9 


FIGURE 4. CASCADING THE 'ACT2153 
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TYPICAL APPLICATION INFORMATION 


DATA BUS 


CACHE 
DATA 


BUFFER 


M 
1 
Cc 
R 
O 
Pp 
R 
O 
C 
E 
S 
) 
O 
R 


MAIN 


MEMORY 


ADDRESS BUS 
CONTROL 
SIGNALS 
CONTROL 
MEMORY WRITE LoGic ewes 25 VE 
‘ACT2151 
Ww BUS 


= 


DMA—> MAIN ADDRESS BUS 
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FIGURE 5. BUS WATCHING USING THE 'ACT2151 
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SN74ACT2152, SN74ACT2154 
2K x 8 CACHE ADDRESS COMPARATORS 


D3050, SEPTEMBER 1987—REVISED NOVEMBER 1987 


Fast Address to Match Delay JD OR N PACKAGE 
25 or 35 ns Max (TOP VIEW) 


Common 1/O with Read Feature 

On-Chip Address/Data Comparator 

On-Chip Parity Generator and Checking 
Parity Error Output, Force Parity Error Input 
Easily Expandable 


Choice of Open-Drain or Totem-Pole 
MATCH Output 


@ EPIC™ (Enhanced Performance Implanted 
CMOS) 1-um Process 


@ Fully TTL-Compatible 


description 


FN PACKAGE 


The ‘ACT2152 and 'ACT2154 cache address (TOP VIEW) 
comparators consist of a high-speed 2K x 9 = 
static RAM array, parity generator, parity cay et ans es 
checker, and 9-bit high-speed comparator. They qididiadcec 
are fabricated using advanced silicon-gate ry. 
CMOS technology for high speed and simple Aifs 25{1 A8 
interface with bipolar TTL circuits. These cache Aone 241] AQ 
address comparators are easily cascadable for GNDN7 231] A10 
wider tag addresses or deeper tag memories. GND f]8 220] Vcc 
Significant reductions in cache memory pone 2111 D4 
component count, board area, and power D1 M10 201] D5 
dissipation can be achieved with these devices. p2ni i9f] D6 
The ‘ACT2152 has a totem-pole MATCH output 12 1314 15 16 

while the ‘ACT2154 has an open-drain MATCH 
output for easy AND-tying. 5 ee ie 


} A7 


- VLSI Memory Management Products 


If S is low and W and R are high, the cache 
address comparator compares the contents of 
the memory location addressed by AO-A10 with 
the data DO-D7 plus generated parity. An 
equality is indicated by a high level on the 
MATCH output. A low-level output on PE signifies a parity error in the internal RAM data. PE is an N-channel 
open-drain output for easy OR-tying. During a write cycle (S and W low), data on DO-D7 plus generated 
odd parity are written in the 9-bit memory location addressed by AO-A10. Also during write, a parity error 
may be forced by holding PE low. 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information P Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas instruments TEXAS 

standard warranty. Production processing does not | 7-135 
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A read mode is provided with the ‘ACT2152 and ‘ACT2154, which allows the contents of RAM to be 
read at the DO-D7 pins. The read mode is selected when R and S are low, and W is high. 


A reset input is provided for initialization. When RESET is taken low, all 2K x 9 RAM locations are cleared 
to zero (with valid parity) and the MATCH output is forced high. If an input data word of zero is compared 
to any memory location that has not been written into since reset, MATCH will be high indicating that 
input data, plus generated parity, is equal to the reset memory location. PE will be high after reset for 
every addressed memory location, indicating no parity error in the RAM data. By tying a single data input 
pin high, this bit will function as a valid bit and a match will not occur unless data has been written into 
the addressed memory location. When cascading in the width direction, only one bit must be tied high 
regardiess of the address width. 


These cache address comparators operate from a single + 5-V supply and are offered in 28-pin 600-mil 
ceramic side-brazed, plastic dual-in-line, or PLCC packages. 


The ‘ACT2152 and 'ACT2154 are characterized for operation from O°C to 70°C. 


MATCH OUTPUT DESCRIPTION 
MATCH = Von if: [AO-A10] = DO-D7 + parity, 


or: RESET = ViL, 
or: S = VIH, 
or: W = VIL 


MATCH = Vo_ if: [AO-A10] # DO-D7 + parity, 
with RESET = VjH, 
S = Vit, and W = Vip 


FUNCTION TABLE 


INPUTS OUTPUTS 
W R_ S_ RESET MATCH PE 
Mate L H 
Parity error 
Not equal 


Undefined error 
Equal 


Device disabled 


TThe state of these pins is dependent on inputs W, R, and 5. 
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logic symbolt 


CACHE ADDRESS 
COMPARATOR 
e- 


‘ALS2152 


RESET RESET es 
R R 
wy (14S wy 4UN 
AO 0 ao -2) 0 
Al 1 ai 12) 1 
A2 2 a2 2 
(3) 
A3 3 A3 3 
(2) 
A4 4 Meat 
AS 5 AS 5 
ADDRESS (27) 
AG 6 a 6 
A7 7 AT sn 7 
A8 8 A8 = 8 
AQ 9 as-— 9 
A10 10 aio 422) 10 
DO po 12 
D1 D1 (10) 
D2 5s ttt) 
D3 D3 (12) 
D4 D4 oe 
D5 D5 = 
D6 pe 112) 
b7 £18) 57 118) 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984. 


-CACHE ADDRESS 
COMPARATOR 
® 
‘ALS2154 


RAM 


ADDRESS PE © 
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functional block diagram (positive logic) 


Reser + fee 


R (13) 


> 8) i, 


A 

aes TE 21 5S Oe ee ee a 

ioe: er Go ie Le PSS eae ee 
af 


RAM 2K x9 


a sjonpoig }uswebeueW AloweW IS TA 


ee, Ce 24 ed BS Se BEER 
eS Sa Re Sh EN SaaS SR 
A By 3S see 
Mic’ he AS 2 Ba eee ae 
i oa 3s 2 el aaa a Se lo 
Re wie Se a 
peas TiO ae ES aS 
ee Rie 2 eee 
INPUT 
9 4 pina tn PARITY 
yaorA | | Tf} sie 
se TED ES srg SO 
Ds (12) TUR BS og eg ee 
4 (21) sO ory Hs 
D5 * (20) Ai Fd] ag = 2 


(19) Hea: = & 
pe (19) / oa eS 
p7 8h sh 
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Address inputs. Addresses 1 of 2048 random access memory locations. Must be stable for the duration of the write 
cycle. 


Data inputs/outputs. DO-D7 are data inputs during the compare and write modes. DO-D7 are data outputs during 
the read mode. 


Parity error input/output. During compare cycles, PE at VOL indicates a parity error in the stored data. During write 
cycles, PE can force a parity error into the 9th-bit location specified by AO-A10 when PE is taken to Vj,. PE is an 
open-drain output so an external pull-up resistor of 220 2 minimum is required. 

Read input. When R and § are at Vj, and W is at Vj}, addressed data is output to the DO-D7 pins and the MATCH 
and PE outputs are forced high. 
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| RESET | 1 | Reset input. Asynchronously clears entire RAM array to zero and forces MATCH high when RESET is at Vj,. 
ee SR Ere Chip select input. Enables device when S is at Vj. Deselects device and forces MATCH and PE high when S is at Vip. 


Mis ee 
Sow fae Write control input. Writes DO-D7 and generated parity into RAM and forces MATCH high when W and S are at Vj. 


Places selected device in compare mode when W and R are at Vip. 


Supply voltage 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


suODIv VOliagG Ver saan NOtG Fir rea oss os, goa aig eigen 2 a ee eS —1.5 to 7 V 
IOHUE VOURCe. Ore ut... scene os Pk Sees «nese es SIR B e s oi ees =1.5. to 7.V 
Operating tree-dir-temperature- FANGO on ees a es oo ees Oe Foe rest ces 0O°G: 40-70 °C 
Stormae torwatar ure senOe © os ar ee ec © oe ea oe ek 2 -— 65°C to 150°C 


NOTE 1: All voltage values are with respect to GND. 


recommended operating conditions 


Vcc _ Supply voltage Mi ee en Re 
ViH High-level input voltage, write or compare cycles 2.2 Vcc +0.5 


Vin High-level input voltage, read cycle 2.6 Vec+0.5 
VIL Low-level input voltage (See Note 2) —0.5 0.8 V 


VOH_ _ High-level output voltage, MATCH (‘ACT2154) and PE outputs only 
loH High-level output current, MATCH (’ACT2152) and DO-D7 


MATCH — ‘ACT2152 


lOL Low-level output current 


DO-D7 
Operating free-air temperature 


TA 
NOTE 2: The algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


‘s 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
SN74ACT2152-25 SN74ACT2152-35 
SN74ACT2154-25 SN74ACT2154-35 UNIT 
pA 


MIN TYPt MAX | MIN TyPt MAX 


Low-level output 
VOL 


voltage 


Vo = 0-Vcc. Vcc = 5.5 V 
1H 
Short-circuit MATCH ('ACT2152 
hee : NVo = 0, Vec = 5.5 Vv} 50 150 
output current and DO-D7 
ESET at3 V, Vcc = 5.5 V 
lcci Supply current (operative) a tN Ce 85 125 | as 125 | ma 
ESET atO V, Vcc = 5.5 V 
Icc2 Supply current (reset) Sno 
ESET at3 V, Vcc = 5.5 V 
lccg3 Supply current (deselected) 75 105 75 105 mA 


Cj; Input capacitance 
Cy Output capacitance 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


wm wD 


2 


“a wD 
2 a 
WwW 
a 


ss 
II 
= 
mH i 
N 
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switching characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted), see Figures 1, 2, and 3 | | 


compare cycle 


SN74ACT2152-35 
PARAMETER SN74ACT2154-25 | SN74ACT2154-35 | UNIT 
MIN TYPT MAX 


talBbit  hecans seen kein es MATCH Po hargiim ee 
to(D-M Propagation time, data inputs to MATCH Bee eS 


tp(RST-MH) Propagation time, RESET low to MATCH high 


a 

Be 98s |r owai 4 

ae me 

ns 

Poa sea 

ofa 
9 14 B37 16 fo nec 
g..018 | 964 
Ttvia-m) MATCH valid ime after change of address ——=~=SC~=“‘*‘“dCSCSSCSC‘“‘“‘CSCC#dNSOSOOO™S™~C*dSCns 
Ftvio-M) MATCH valid time after change of data ——SOSCSC~C~—~isSCSCid Sid 
egies ia MATCH velie-tne iow) after S nigh 797) ee 
2S aOR ATAU oe CR FRE Case Ie 


ty(A-P PE valid time after change of address 


read cycle 


SN74ACT2152-35 
PARAMETER SN74ACT2154-25 | SN74ACT2154-35 | UNIT 

eiacb) Read Access time from address toD0D7——~—SC~“~tSC‘“‘C*SSSCOCYC 8 
Gantt Enaple tue: Siow to DOD7-~ es te, 
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tp(R-MH) Propagation time, R low to MATCH high 7 
tp(R-PH) Propagation time, R low to PE high 7 15 
tdis DO-D7 output disable time from high or low level | From R, S, W Sea ue 8 Ree ee TS 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
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: PARAMETER SN74ACT2154-25 SN74ACT2154-35 UNIT 
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timing requirements over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


[twiRsTi) Pulse duration, RESET low | 8 
[twiwi) Pulse duration, Wiow, without writing PE] 15 
| twiWL)PE Pulse duration, W low, writing PE (see Note 3) | 15 
[tsuia) Address setup time beforeWlow | 
[tsyjp) Data setup time before Whigh | 
[tsuip) PE setup time before Whigh (see Note 3) | 10 
[tsuis) Chip select setup time before Whigh | 1 
Bie Tate ine 
Be ee sake ak 
ee See 
pes en al 
ase arn seeks 
fee eta cr 
PALS Ree 


this Chip select hold time after W high 
tAVWH Address valid to write enable high 


NOTES: 3. Parameters twpE(wL) and bd iy only during the write cycle timing when writing a parity error. 
4. th(WL-D) guarantees that when W is taken low during a compare cycle with MATCH high, match will remain high without 
a glitch low. (As shown in the function table, W low forces MATCH high). th(WL-D) is guaranteed indirectly by ty(p-,) and 
t ; 
p(W-MH) 
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PARAMETER MEASUREMENT INFORMATION 


FROM OUTPUT tc SE ae Pea eR SSMS SOS 5 APC SIS, ES OB al eos ae 
UNDER TEST ages INPUT 1.6V 
| GND 


Ci = 50 pFt stot 
| 


\/ 
J OUTPUT 1.5V 
LOAD CIRCUIT 


VOLTAGE WAVEFORMS 
FIGURE 1. TACT2152 MATCH OUTPUT 


Vec —>t oe ns Pi ‘f ¢—6 ns 
| 


Ry = 220 


! 
TEST | . GND 
POINT 


Ci = 50 pFt 7 
uly : : 
% OUTPUT 1.5V 1.5V 
LOAD CIRCUIT 


VOLTAGE WAVEFORMS 


FROM OUTPUT 
UNDER TEST 
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FIGURE 2. OPEN-DRAIN MATCH AND PE OUTPUTS 


TEST $1 3V 

POINT Ry, 15V 1.5V 

FROM OUTPUT stole / 
UNDER TEST vp Whar ha ee Ov 
CL $2 tPZL—> +3 is le tPLZ 
i 
oN ——— =V 
= = 1 Nasv | ; £°:3 V oa 

OUTPUT | = VoL 

LOAD CIRCUIT l tpuz—p! je f 

tpzH—el ke | + 


l = Von 
OUTPUT 1.5V o3vt 
=OV 


VOLTAGE WAVEFORMS 


FIGURE 3. 3-STATE DATA OUTPUTS 


TC, includes probe and test fixture capacitance. 
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PARAMETER MEASUREMENT INFORMATION 


write cycle timing 


ASV LAA 
| i cD 0 


}¢——tsu(A) —> je thi) ————_ 
$$$ ta vwH———_ »&l 
| | 
ts | | 
a en aia ol 
Ww 
un gaa 
VaVaVaVaVavavavavavavavaava", ARI ALANIKASY 
wit 3: 9.9.9.9.9.9.0.0.0.0.0.0,0.0,0 para vain AA 
: i tsu(D oy | 
| }¢-————}—th(W--D) 
| | 
PE (INPUT) | | | | | 
| | 
tsu(P) | 
l (see Note 3) lq thip) >| 


MATCH | | | | 


;¢$—_——-tp.w-m) 


PE (OUTPUT) \ : | 


l¢—tp(w-PH)—p 


reset cycle timing 


RESET 


L¢e——twiRsTL)——plg—_——tsuRST) ——} 


ADDRESS 


| 
MATCH | | : 


}¢———>} tpiR-MH) 


NOTE 3: Parameters tw(WL)PE 4nd tsy(p) apply only during the write cycle when writing a parity error. 


7-144 


TEXAS ip 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ACT2152, SN74ACT2154 
2K x 8 CACHE ADDRESS COMPARATORS 


PARAMETER MEASUREMENT INFORMATION 


compare cycle timing 


x00 XXX) a ON 


Haas seus adaaiie 


sae 000, A, CSD 


—p|  je—tviD-m)—tpis- sr 


| 
| 
| M——-—--- la} ke———pl—tvia-m) ty(s- 44> 
| ! | | 
| 
MATCH : 
\¢—ta(A-P) ——_p| le—pt—'via-P) 
| a(A-P) 


J * 
Pe ET SOARS R TIE vita eli ala naties oa her ab es 
read cycle timing 


A0-A10 


k¢——>+ ta(A-D) r ten(S-D)-+¢——_| 


}¢—_—> + ten R-D) k@— tdis > | le—tgis i 
| | | 


“I 


0 
? 
o 
~ 


h¢—}—tp(R-MH) 


| 
MATCH | / \ 


bao tp (R-PH?} 
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TYPICAL APPLICATION INFORMATION 


cascading the ‘ACT2152 and ‘ACT2154 


The ‘ACT2152 and ‘ACT2154 are easily cascaded in width and depth. Wider addresses can be compared 
by driving the AO-A10 inputs of each device with the same index and applying the additional address bits 
to the DO-D7 inputs. The select (S) input allows these devices to be cascaded in depth. When a device 
is deselected, the MATCH output is driven high. It should be noted that a decoder can be used to drive 
the select inputs since the propagation delay from select to match is much faster than from address to 
match. MATCH on the ‘ACT2154 is an open-drain output for easy AND-tying. Figure 4 shows the ‘ACT2154 
cascaded. 


cache coherency through bus watching 


When cache designs are implemented, the problem of cache coherency is always a concern. One solution 
to this problem is to implement bus-watching using the ‘ACT2152 or ‘ACT2154. By storing the same 
tags in the bus-watcher RAM as are stored in the cache tag RAM, the bus-watcher will indicate a hit every 
time a cache address passes down the main address bus. If data is being modified in main memory, the 
index can be passed to the cache tag RAM for invalidation. Figure 5 shows a possible bus-watcher 
implementation. 


application 


Due to the high-performance switching characteristics of the ‘ACT2152 and ‘ACT2154, it is necessary 
that the address inputs not be allowed to float in the three-state condition. Proper termination techniques 
should be employed. It is recommended that the RC time constant associated with the address inputs 
(63.2% of rise time at AO-A10) not exceed 60 ns. 


DATA BUS 


DBOnHHMOQOCWVOVO—-=s 


AO-A10 J A12-A18 


‘ACT2154 


DO-D6 MATCH 
D7 PE 
A0-A10 


FIGURE 4. CASCADING THE ’ACT2154 
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TYPICAL APPLICATION INFORMATION 


DATA BUS 


CACHE 
DATA 
BUFFER 


CONTROL 


LOGIC V/F 


‘ACT2152 
BUS 
WATCHER yy 


MAIN 
MEMORY 


MAIN ADDRESS BUS 


FIGURE 5. BUS WATCHING USING THE ‘ACT2152 
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D2993, JANUARY 1987—REVISED SEPTEMBER 1987 


Address to MATCH Valid Time DW, JD, OR NT PACKAGE 
TACT2150-20 .. . 20 ns max (TOP VIEW) 
TACT2150-30 . . . 30 ns max 


@ 300-Mil 24-Pin Ceramic Side-Brazed or 
Plastic Dual-in-Line or Small Outline 
Packages 


53 mA Typical Supply Current 

On-Chip Parity Generation and Checking 
Parity Error Output/Force Parity Error Input 
On-Chip Address/Data Comparator 


Asynchronous, Single-Cycle Reset 


Easily Expandable 

Fully Static 

Reliable Advanced CMOS Technology 
Fully TTL Compatible 


description 
This 8-bit-slice cache address comparator consists of a high-speed 512 x 9 static RAM array, parity 
generator, parity checker, and 9-bit high-speed comparator. It is fabricated using Advanced CMOS 
technology for high-speed, low-power interface with bipolar TTL circuits. The cache address comparator 
is easily cascadable for wider tag addresses or deeper tag memories. Significant reductions in cache memory 
component count, board area, and power dissipation can be achieved with this device. 


VLSI Memory Management Products 


When S is low and W is high, the cache address comparator compares the contents of the memory location 
addressed by AO-A8 with the data on DO-D7 plus generated parity. An equality is indicated by the high 
level on the MATCH output. A low-level output from PE signifies a parity error in the internal RAM data. 
PE is an N-channel open-drain output for easy OR-tying. During a write cycle (S and W low), data on 
DO-D7 plus generated even parity are written in the 9-bit memory location addressed by AO-A8. Also during 
write, a parity error may be forced by holding PE low. 


A reset input is provided for initialization. When RESET is taken low, all512 x 9 RAM locations are cleared 
to zero (with valid parity) and the MATCH output is forced high. If an input data word of zero is compared 
to any memory location that has not been written into since reset, MATCH will be high indicating that 
input data, plus generated parity, is equal to the reset memory location. PE will be high for every addressed 
memory location after reset indicating no parity error in the RAM data. By tying a single data input pin 
high, this bit will function as a valid bit and a match will not occur unless data has been written into the 
addressed memory location. When cascading in the width direction, only one bit needs to be tied high 
regardless of the address width. 


The TACT2150 operates from a single 5 V supply and is offered in a 24-pin 300-mil ceramic side-brazed 
or plastic dual-in-line packages and plastic ‘‘Small Outline’’ packages. The device is fully TTL compatible 
and is characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information - Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to I 

ah aoa per — —— of Texas Laesprincage 7-149 
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functional block diagram (positive logic) 


RESET > Re 


RAM 512X9 
R 
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(22) 
ee (23) 
(14) 
Al 
5) ee —— MATCH 
A2 
(4) 
A3 
(3) 
A4 
gee lat 
(19) (11) — 
AG PE 
(20) 
A7 
ng i420) PARITY 
INPUT CHECKER J 
aa BUFFERS \ / 
D0 i 
(8) Laas 
01 Poe 
(9) ae 
02 rm" 
(6) Ba 
D3 as 
(17) es “ 
D4 ene! 
oo 
(6) Eee, 
Sherr ergy 
D7 = 
“ PARITY 
S g GENERATOR 


(13) 
re 


S| 
S 
GS 
\/ 


MATCH OUTPUT DESCRIPTION FUNCTION TABLE 
MATCH= Voy if: [AO-A8] = DO-D7 + parity, OUTPUT FUNCTION 
or: RESET = Vj,, MATCH DESCRIPTION 
or: 5 = Vin, 
or: W = VIL 


Berea Not Equal 
ay eS Undefined Error 


L 
L 

H 

MATCH = Vo _ if: [AO-A8] # DO-D7 + parity, : 


with RESET = Vin, ee ae 
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PIN FUNCTIONAL DESCRIPTION 


DESCRIPTION 


Address inputs. Address 1 of 512-by-9-bit random-access memory locations. Must be stable for the duration of 
the write cycle. 


Data inputs. Compared with memory location addressed by AO-A8 when W is at Vil and S is at Vii. Provide 
input data to RAM when W is at Vj, and S is at Vj,. 
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GND eS TS PS SE a RE a Ra aye ta ce Ue Hens Can gee 
MATCH 14 When MATCH output is at Voy during a compare cycle, DO through D7 plus parity equal the contents of the 
ee 9-bit memory location addressed by AO through A8. 
Parity error input/output. During write cycles, PE can force a parity error into the 9-bit location specified by 
AO through A8 when PE is at Vi_- For compare cycles, PE at VOL indicates a parity error in the stored data. 
PE is an open-drain output so an external pull-up resistor is required. 
RESET input. Asynchronously clears entire RAM array and forces MATCH high when RESET is at Vi, and W 
is at Vip. : 
| 5 _13 | Chip select input. Enables device when Sis at Vip. Deselects device and forces MATCH high when Sis at Vin. | 
5-V supply voltage 
Ww 10 Write control input. Writes DO through D7 and generated parity into RAM and forces MATCH high when W is 


at Vi, and S is at Vj,. Places selected device in compare mode if W is at Vj. 


application 


. Due to the high-performance switching characteristics of the TACT2150, it is necessary that the address 
inputs not be allowed to float. Proper termination techniques should be employed. It is recommended that 
the RC time constant associated with the address inputs (63.2% of rise time on AO-A8) not exceed 60 ns. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise specified) 


Supply Vohtege range; Vie Teme PIOte oh). io... seca ee a ok SR cele P ble eo -1.5to7V 
SETESR EE ASCE IR CNDCIEN IRENE TNC ee ns x a needa 0 0la's ¥ a eae aaa eeuaner ata -1.5to7V 
Continuous power dissipation..................... RPE i an aa Peeters ale ie 1 W 
Onerating tree-an, Teminerecure (Onde... . we cs OR ae ks oie wn ee Ok to 70°C 
yet ed COMTI TAIT RIND eee ose 6 oo SS vo aya 2 ww ee ee pe ee —65°C to 150°C 


NOTE 1: All voltage values are with respect to GND. 


recommended operating conditions | 


Faw ee PME ae 
PMee Supply valtage: oS Sei oye Soe ee eS gene NO 
ee TS Se. ee ee aie Rew re eben wees Gan Sau TS ee ae 
Nin Meio tae (Fo aon kee oe ge ee ee 
MATCH Liao: ak ee LN 
MATCH SSR EaE eS 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for 
logic voltage levels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


TACT2150-20 TACT2150-30 
PARAMETER TEST CONDITIONS 
amir MAX | MIN TYPT MAX 
| = -8mA, Vcc = 4.5 V 
VOH(M) MATCH high-level output voltage on 4 ce 
lIoH = —20 nA, Voc = 4.5 V 


VOLIM MATCH low-level output voltage lo. =8mA, Voc = 4.5V athe eae rR 


VoLipe) PE low-level output voltage lol = 16 mA, Vcc = 4.5 V, sx. SEG 
ly Input current Vi =OVtO5.5V re PEK 
los Short-circuit MATCH output current} Vo = GND, Vcc = 5.5 V 


Icc1 Supply current (operative) ESET = Vip ee 685 Ot 


lcc2 Supply current (reset) RESET = V, 2.75 6 2.75 6 
ee. 
Bag ne ae 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
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switching characteristics over recommended ranges of supply voltage and operating free-air temperature 


tp(R-MH) Propagation time, RESET low to MATCH high 
tp(S-MH) Propagation time, S high to MATCH high 
tp(W-MH) Propagation time, W low to MATCH high 


tp(W-PH) Propagation time, W low to PE high 
ty(A-M MATCH valid time after change of address 


tyiA-p) PE valid time after change of address 


MIN MAX | 
pane’ og 
ae. ae Seen 
CS ees 
[tsuia) Address setup time beforeWiow | 
[tsu(p) Data setup time before Whigh | 20 
[tsuip) PE setup time before W high (see Note 3) | 20 
[tsu(s) Chip select setup time beforeWhigh | 20 
ot eee 
ci taba ea 
os Sie eae 
Pe, Sa Slag oa 
pape Donia 2 a 
‘al: EE Oe 


~ VLSI Memory Management Products 


this Chip select hold time after W high 
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NOTE 3: Parameters twPE(WL) 4nd tsy(p) apply only during the write cycle time when writing a parity error, tePpE(W)- 
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l (see Note 3) 
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NOTE 3: Parameters twpE(WL) and tsy(p) apply only during the write cycle time when writing a parity error, tePpE(W)- 
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@ Provides Control for 16K, 64K, and 256K SN74ALS2967, SN74ALS2968 . . . JD OR N PACKAGE 
Dynamic RAMs (TOP VIEW) 
@ Highest-Order Two-Address Bits Select One cs qi 1) CASI or CASit 
of Four Banks of RAMs MSEL []]2 RASO 
AO i|3 CASO 
® Supports Scrubbing Operations and Nibble- AQ Mla RAS1 
Mode Access Al UIs CAS! 
A10 Oe ao 
@ Separate Output Enable for Multi-Channel re : :, 
Access to Memory a3 Glo fa 
@ 48-Pin Dual-In-Line Package Ne die | Ne Gf 
A411 GND 
description A13 Q}12 OE 
GND Wj} 13 Vcc 
The ‘ALS2967 and ‘ALS2968 dynamic memory Le G14 Q5 
controllers (DMCs) are designed for use in AS Ly} 15 a6 
today’s high-performance memory systems. The a: is ps 
DMC acts as the address controller between any A15 QJi8 RAS2 
processor and dynamic memory array. A7 (19 CAS2 
A16 Q]20 RAS3 
Two versions are provided that help simplify As (21 CAS3 
interfacing to the system dynamic timing A17 UY) 22 RASI or RASIt 
controller. The ‘ALS2967 offers active-low Row an a a 
Address Strobe Input (RASI) and Column 
Address Strobe Input (CASI), while the SN74ALS2967, SN74ALS2968 . . . FN PACKAGE 
‘ALS2968 offers active-high Row Address toe eee 
Strobe Input (RASI) and Column Address Strobe D 
Input (CASI) inputs. 0 
° 
Using two 9-bit address latches, the DMC will DB BiB la \o 
Bb eEBEB Se 


oud) 
OOO = - 70 oO 

hold the row and column addresses for any ed 
DRAM up to 256K. These latches and the two 9876543 2 


row/column refresh address counters feed into ~ 

a 9-bit, 4-input MUX for output to the dynamic A2 

RAM address lines. A 2-bit bank select latch is All 

provided to select one of the four RAS and CAS A3 

outputs. The two bits are normally obtained from au 

the two highest-order address bits. A13 

The ‘ALS2967 and ‘ALS2968 have two basic =. 

modes of operation, read/write and refresh. NC 

During normal read/write operations, the row AS 

and column addresses are multiplexed to the At4 

dynamic RAM, with the corresponding RAS and so 

CAS signals activated to strobe the addresses NC 

into the RAM. In the refresh mode, the two NC 

counters cycle through the refresh addresses. If Sp Ape Andee ode oes Been SOS 
memory scrubbing is not being implemented, Oe ee Si wee SisSmmuscs 
only the row counter is used. When memory Co — ig 5 


scrubbing is being performed, both the row and 

column counters are used to perform read- 

modify-write cycles. In this mode all RAS 
inthe active low) whileonly one GAS. toes as are. el 

outputs a e 7 : ¥. T'ALS2967 has active-low inputs CASI and RASI; ‘ALS2968 has 

output Is active at a time. active-high inputs CASI and RASI. 


RASI or RASIt 
C 


¥ 


The SN74ALS2967 and SN74ALS2968 are characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information : Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i, 
specifications per the terms of Texas Instruments TI 

standard perresty. Production processing does not 
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t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 


dE (37) 
(26) 


(25) 
(2) 


rs (1) 


RASI —— 
‘ALS2967 ONLY 

27 
2 age 
‘ALS2968 ONLY 


14 
re 


(15) 1D 


[BANK] 


(8) [COLUMN] 


*” 
wad 
iS) 
= | 
© 
(43) ° 
ay 0° a 
(41) ged 
a2 
(40) oa 
a3 
(39) a, ® 
(35) = 
(aay 2° 
~~ 08 ® 
oT Q7 o 
(32) og oc. 
9 & 
s 
2 
RAS DECODE 
® 
7) 
= 
(47) aaa 
a6) 
(99) ASI 
1 
(3) RAS2 
if: 
RAS3 
| CAS DECODE 
ie 
(10/20,4)7 FO (46) | ASO 
= (447) = 
(11/21.4)7 V CAS1 
os (30) °_— 
(12/22,4)7 YV CAS2 
= 28) 
® (13/23,4)7 Y jO : CAS3 


TEXAS ti 
INSTRUMENTS 


7-159 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ALS2967, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 


~ sjonpoig }uewebeuRyW AoweVW ISTA 


7-160 


TABLE 1. PIN FUNCTION 
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AO-A17 
SELO, SEL1 


Address Inputs. AO-A8 are latched in as the nine-bit row address for the DRAM. These inputs drive QO-Q8 when the 
DMC is in the read/write mode and MSEL is low. A9-A17 are latched in as the column address, and will drive QO-Q8 
when MSEL is high and the DMC is in the read/write mode. The addresses are latched when the Latch Enable (LE) input 
signal is low. 

Bank Select. These two inputs are normally the two highest-order address bits and are used in the read/write mode 
to select which bank of memory will be receiving the RAS and CAS signals after RASI (‘ALS2967) or RASI (‘ALS2968) 
and CASI (‘ALS2967) or CASI (’ALS2968) go active. 

Latch Enable. This active-high input causes the row, column, and bank select latches to become transparent, allowing 
the latches to accept new input data. A low input on LE latches the input data. 

Multiplexer Select. This input determines whether the row or column address will be sent to the memory address inputs. 
When MSEL is high, the column address is selected, while the row address is selected when MSEL is low. The address 
may come from either the address latch or refresh address counter depending on MCO and MC1 (see Mode Control 
Function Table). 

Chip Select. This active-low input is used to enable the DMC. When CS is active, the DMC operates normally in all 
four modes. When CS goes high, the device will not enter the read/write mode. This allows other devices to access 
the same memory that the DMC is controlling. 

Output Enable. This active-low input enables/disables the output signals. When OE is high, the outputs of the DMC 
enter the high-impedance state. . 

Mode Controls. These inputs determine in which of the four modes the DMC operates. The description of each of the 
four operating modes is given in Table 2. 


Row Address Strobe Input. During the normal memory cycles, the decoded RASn output (RASO, RAS1, RAS2, or RAS3) 
is forced low after receipt of an active Row Address Strobe Input signal. In either Refresh mode, all four RAS outputs 
will be low while the Row Address Strobe Input signal is active. The RASI on the ‘ALS2967 is an active-low input while 
on the ‘ALS2968, RASI is an active-high input. (For more details see timing diagrams). 

Row Address Strobe. Each of the Row Address Strobe outputs provides a RAS signal to one of the four banks of dynamic 
memory. Each RASn output will go low when selected by SELO and SEL1 after RASI (’ALS2967) or RASI (‘ALS2968) 
goes active. All four go low in response to RASI (‘ALS2967) or RASI (‘ALS2968) while in the refresh mode. 
Column Address Strobe Input. This input going active causes the selected CAS output to be forced low. The CASI 
input on the ‘ALS2967 is active low input while on the ‘ALS2968, CASI is active high input. (For more details see 
timing diagrams.) 

Column Address Strobe. During normal Read/Write cycles the two selected bits (SELO, SEL1) determine which CAS 
output will go active following CASI (‘ALS2967) or CASI ("ALS2968) going active. When memory scrubbing is being 
performed, only the CASn signal selected will be active. For non-scrubbing cycles, all four CAS outputs will remain high. 
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Cc 


1 MCO 


TABLE 2. MODE-CONTROL FUNCTION TABLE 


Refresh Mode without Scrubbing. Refresh cycles are performed with only the row counter being used to generate 
the addresses. In this mode, all four RAS outputs are active while the four CAS outputs remain high. 
Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the row and column counters 
generating the addresses. MSEL is used to select either the row or the column counter. All four RAS outputs go low 
in response to RASI (‘ALS2967) or RASI (‘ALS2968), while only one CASn output goes low in response to CASI 
(‘ALS2967) or CASI (‘ALS2968). The bank counter keeps track of which CAS output goes active. This mode can 
also be used during system power-up so that the memory can be written with a known data pattern. 
Read/Write. This mode is used to perform read/write cycles. Both the Row and Column addresses are multiplexed 
to the address output lines using MSEL. SELO and SEL1 are decoded to determine which RASn and CASn 
outputs will be active. The refresh counter is disabled while in this mode. 


Clear Refresh Counters. This mode clears the three refresh counters (row, column, and bank) on the inactive transition 
of RASI (‘ALS2967) or RAS! (‘ALS2968), putting them at start of the refresh sequence (see timing diagrams for more 
detail). In this mode, all four RAS outputs are driven low after the active edge of RASI (‘ALS2967) or RASI (‘ALS2968) 
so that DRAM wake-up cycles may also be performed. 
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TABLE 3. ADDRESS OUTPUT FUNCTIONS 


OUTPUTS Q0-Q8 


Read/write 


Clear refresh counter* pe SA 


TABLE 4. RAS OUTPUT FUNCTIONS 


pets 

"ALS2967 ‘ALS2968 ST SCS DAN SL pee 
Beet See 
Hook 

TS eee ae! 

Hoon ae 

PRCA SS RSS A SE BG SS Se A Se 
si ee SSS, 
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TABLE 5. CAS OUTPUT FUNCTIONS 


; INPUTS OUTPUTS 


Moms eagr [MCT co sein? seiot [soy epn5] OB | CASO CAB Abs hbo 
CASI CASI BC1 BCO 
aes 
S—-——— 
E H L H 4 4 
kok ee ee 
Pe Ae Fel SE Sa Fa 


Tif LE is low, outputs will be the levels entered when LE was last high. If LE is high, outputs will follow address inputs as selected by MSEL. 
+ For ‘ALS2967, clearing occurs on the low-to-high transition of RASI; for 'ALS2968, clearing occurs on the high-to-low transition of RASI. 
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read/write operation details 
During normal read/write operations, the row and column addresses are multiplexed to the dynamic RAM 
controlled by the MSEL input. The corresponding RASn and CASn output signals strobe the addresses 
into memory. The block diagram in Figure 1 shows a typical system interface for a one-megaword dynamic 
memory. The DMC is used to control the four banks of 256K memory. 


For systems where addresses and data are multiplexed onto a single bus, the DMC uses latches, (row, 
column, and bank) to hold the address information. Figure 5 shows a typical timing diagram using the 
input latches. The twenty input latches are transparent when latch enable (LE) is high, and latch the input 
data whenever LE is taken low. For systems in which the processor has separate address and data buses, 
LE may be permanently high (see timing diagram in Figure 4). 
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FIGURE 1. 1-MEGAWORD X 16-BIT DYNAMIC MEMORY 


: 
TEXAS aip 7-163 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ALS2967, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 


read/write operations (continued) 


The DMC is designed with heavy-duty outputs that are capable of driving four banks of 16-bit words, 
including six checkbits used for error detection and correction. 


In addition to heavy-duty output drivers, the outputs are designed with balanced output impedances (25 0? 
both high and low). This feature optimizes the drive low characteristics, based on safe undershoot, while 
providing symmetrical drive high characteristics. It also eliminates the external resistors required to pull 
the outputs up to the MOS VOH level (Vcc — 1.5 V). 
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FIGURE 2. 1-MEGAWORD X 16-BiT DYNAMIC MEMORY WITH ERROR DETECTION AND CORRECTION 
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memory expansion 


With a 9-bit address path, the DMC can control up to one megaword when using 256K dynamic RAMs. 
If a larger memory size is desired, the DMC’s chip select (CS) makes it easy to expand the memory size 
by using additional DMCs. A four-megaword memory system is shown in Figure 3. 


To maintain maximum performance in 32-bit applications, it is recommended that individual bus drivers 


be used for each bank. 


MEMORY 
CONTROL 


MEMORY TIMING CONTROLLER 


FIGURE 3. 4-MEGAWORD X 16-BIT DYNAMIC MEMORY 
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refresh operations 


The two 9-bit counters in the ’ALS2967 and ‘ALS2968 support 128-, 256-, and 512-line refresh operations. 
Transparent, burst, synchronous, or asynchronous refresh modes are all possible. The refresh counters are 
advanced on the low-to-high transition of RASI on the ‘ALS2967, and on the high-to-low transition 
of RASI on the ‘ALS2968. The refresh counters are reset to zero on the low-to-high transition of RASI 
on the ‘ALS2967, and on the high-to-low transition of RAS! on the ’ALS2968, if MC1 and MCO are at a high 
logic level. See Figure 8 for additional timing details. 


When performing refresh cycles without memory scrubbing (MC1 and MCO both low), all four RAS outputs 
go low, while all CAS outputs are driven high. Typical timing for this mode of operation is shown in Figure 6. 


decoupling 


Due to the high switching speed and high drive capability of the ‘ALS2967 and 'ALS2968, it is necessary 
to decouple the device for proper operation. Multilayer ceramic 0.1 uF to 1 uF capacitors are recommended 
for decoupling. It is important to mount the capacitors as close as possible to the power pins (Vcc and GND) 
to minimize lead inductance and noise. A ground plane is recommended. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sg ela it 2a | Oe Rab A: Res IEG ea SMR iia © 3 oma met ele naa «(<1 Rileamlaen GE gees Ber ae eras ee Ym 
So ca || GS ee San eae nce cP tans tocte AI eMm RR oie 257) 2. Capra Sue vane yt 5 See ot ems Ake A TE 
Voltace enniidd: t disabled S-stete: outmuti <5 ais Cr ee cc PARA Re en 5.5 V 
CONMTBENIG 1rOO-Gib TOMHSIAtUIE TENGE. oo ici. 5 eT a one te ws ace ela ae Wa oe abe aie 0°C to 70°C 


are Cente aE TODOS is Seo 5 os PN cele a ee Phe es eas hemes -65°C to 150°C 


recommended operating conditions 


V 
V 
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UNIT 


[23) RAST iow or RASIhigh 
| 
Setup time 


TA Operating free-air temperature 
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tw Pulse duration 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Vec = 4.5 V, loH = —2.6 mA 

vee Vec = 4.5 V, lo. = 1mA SR 

Vec = 4.5 V, lo. = 12 mA 

lor? Vec = 4.5 V, Vo =2V i Rn Me 
| lozH Vec = 6.5 V, Vo = 2.7V eS Se 
Vec = 5.5 V, Vo = 0.4V Die Se 
LS cal Ba Vec = 5.5 V, Vi= 7 PERE SS 
Se ieee Vec = 5.5 V, Vj = 2.7V pie hese ee 
SS es eS ae ee Se A 
Se en ee ee ee 
Hea ~ + Sota Gees Si er os. es eee ee aT Pe I ie ON FS 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ Not more than one output should be tested at a time, and duration should not exceed 1 second. 
8 The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit output current, Ios. 
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switching characteristics, CL = 50 pF 
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= 4.5V to 5.5V, 
ake aces = 0°C to 70°C 
eee 
ee es 


SELO or SEL1 


Si ae eT 
fe as 92 Es BEL cine «| 
pase el oie 
Cale Pee ree 
ae 
Cae eC 
ee ae 

S4.5Vto55V,| . 16 27| ns | 

-orcto7o%c [7 1428 | ns 
eo a 
Cee oe 

es ee 

| 

ite 

LS | 

es 


tT See Figures 10, 11, 12, and 13 for test circuit and switching waveforms. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 


Abe TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN74ALS2967, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 


A INPUTS 
ke— toda) —>| 
Q OUTPUTS Kih__ROW ADDRESS VALID Ry (COLUMN ADDRESS VALID RAY ROW REFRESH ADD 


a __! | | | TLS ON* CARE TL 
— ‘pdi9) je— 
| 


RAS! (‘ALS2967) gE WOES: eS BEM aA OEE aS OS PRE DERN Se ey Ng 65) a cE 
le-t1t l 
| 


be— tpd(2) >I | ké- tpd(2) 


RASI (’ALS2968) e— thar)’ —ol 
@-——- 


tsu(AR)!—pl 


ASn OUTPUT = asags Unease Mma. | | ia EEE 


| pee j— tpd(5) —p ‘pdi5) ke— 


ASI (‘ALS2967) 
}¢——-——- 13? pranainedest 25 tpd(3) —p| 
tpd(3) : : 


CASI (’ALS2968) oa eR EE OY oe i ia Ge agiaghl See eee wetnmememn ae RY 


tsu(Ac)! ~~ le - | 
CASn OUTPUT | 


— \#— tsu(29) 


SEL INPUTS \ BANK SELECT A\\\\\\Y DON'T CARE \\\\\\\\Y 
FIGURE 4. READ/WRITE CYCLE TIMING (MC1, MCO = 1, QO), (LE = H) . 
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tT Parameters tsu(AR)- tsu(AC), and th(arR) are timing requirements of the dynamic RAM. Parameters t1, t2, and t3 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum 
requirements for t1, t2, and t3 are as follows: 


ti(min) = tog(4) Max + tsy(AR) MIN — tyg(2) min 
t2(min) = tpg(2) Max + th(AR) MIN — tyq(5) Min 
t3(min) = t2 min + tpg(5) Max + tsy(AC) — tpa(3) Min 


See the DRAM data sheet for applicable tsy(AR), tsu(AR) 2d th(AR)- In addition, note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must relate to actual system capacitive loading. 
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Ttsu(AR), tsu(AC), 4nd thiaR) are timing requirements of the dynamic RAM. See the DRAM data sheet for applicable specifications. 
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FIGURE 6. REFRESH CYCLE TIMING (MC1, MCO = L, L) WITHOUT SCRUBBING 


T tsu(AR): tw(RL), and tw(RH) are timing requirements of the dynamic RAM. See DRAM data sheet for applicable specifications. 
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FIGURE 7. REFRESH CYCLE TIMING (MC1, MCO = L, H) WITH MEMORY SCRUBBING 
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timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum 


ae T Parameters tgy(AR). tsu(AC)- and th(AR) are timing requirements of the dynamic RAM. Parameters t2, t3, and t4 represent the minimum 
requirement for t2, t3, and t4 are as follows: 


t2(min) = tod(2) Max + th(AR) MIN — tpg(5) Min 
t3(min) = t2 min + tyg(5) Max + tsy(AC) — tpd(3) min 
t4(min) = tpg(g) Max + tsy(AR) MIN — tyg(2) Min 


See the DRAM data sheet for applicable tsy(AR), tsu(AC), 2nd th(AR)- In addition, note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must correspond to actual system capacitive loading. 
+A CASn output is selected by the bank counter. All other CASn outputs will remain high. 
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FIGURE 8. REFRESH COUNTER RESET (MC1, MCO = H, H) 
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D2900, JANUARY 1986—REVISED MARCH 1988 


@ Provides Control for 16K, 64K, 256K, and SN74ALS6301, SN74ALS6302 . .. JD OR N PACKAGE 
1M Dynamic RAMs (TOP VIEW) 


@® Highest-Order Two-Address Bits Select One 
of Four Banks of RAMs 


@ Supports Scrubbing Operations and Nibble- 
Mode Access 


@ Separate Output Enable for Multi-Channel 
Access to Memory 


@® 52-Pin Dual-in-Line Package 


description 


The ‘ALS6301 and 'ALS6302 dynamic memory 
controllers (DMCs) are designed for use in 
today’s high-performance memory systems. The 
DMC acts as the address controller between any 
processor and dynamic memory array. 


Two versions are provided that help simplify 
interfacing to the system dynamic timing 
controller. The ‘ALS6301 offers active-low Row 
Address Strobe Input (RASI) and Column 
Address Strobe Input (CASI), while the 

‘ALS6302 offers active-high Row Address SN74ALS6301, SN74ALS6302 ... . FN PACKAGE 
Strobe Input (RASI) and Column Address Strobe es 

Input (CASI) inputs. 
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hold the row and column addresses for any 
DRAM up to 1M. These latches and the two 
row/column refresh address counters feed into 
a 10-bit, 4-input MUX for output to the dynamic 
RAM address lines. A 2-bit bank select latch is 
provided to select one of the four RAS and CAS 
outputs. The two bits are normally obtained from 
the two highest-order address bits. 


The ‘ALS6301 and 'ALS6302 have two basic 
modes of operation, read/write and refresh. 
During normal read/write operations, the row 
and column addresses are multiplexed to the 
dynamic RAM, with the corresponding RAS and 
CAS signals activated to strobe the addresses 
into the RAM. In the refresh mode, the two 
counters cycle through the refresh addresses. If 
memory scrubbing is not being implemented, 
only the row counter is used. When memory 
scrubbing is being performed, both the row and 
column counters are used to perform read- 
modify-write cycles. In this mode all RAS T’ALS6301 has active-low inputs CASI and RASI; ‘ALS6302 has 
outputs will be active (low) while only one CAS active-high inputs CASI and RASI. 

output is active at a time. 


The SN74ALS6301 and SN74ALS6302 are characterized for operation from O°C to 70°C. 


a 
<= 
oO 
Using two 10-bit address latches, the DMC will 8 
iw 
<< 
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TThese symbols are in accordance with ANSI/IEEE Std-91-1984 and IEC Publication 617-12. 
Pin numbers shown are for JD and N packages. 
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logic diagram (positive logic) 
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when MSEL is high and the DMC is in the read/write mode. The addresses are latched when the Latch Enable (LE) input 
the latches to accept new input data. A low input on LE latches the input data. 


TABLE 1. PIN FUNCTION 

| PIN NAME | DESCRIPTION 
Address Inputs. AO-A9Q are latched in as the nine-bit row address for the DRAM. These inputs drive QO-Q9 when the 
signal is low. 

SELO, SEL1 Bank Select. These two inputs are normally the two highest-order address bits and are used in the read/write mode 
to select which bank of memory will be receiving the RAS and CAS signals after RAS! (‘ALS6301) or RAS! ('ALS6302) 
and CASI (‘ALS6301) or CASI (’ALS6302) go active. 

Multiplexer Select. This input determines whether the row or column address will be sent to the memory address inputs. 
When MSEL is high, the column address is selected, while the row address is selected when MSEL is low. The address 
may come from either the address latch or refresh address counter depending on MCO and MC1 (see Mode Control 
Function Table). 


DMC is in the read/write mode and MSEL is low. A10-A19 are latched in as the column address, and will drive QO-Q9 
Latch Enable. This active-high input causes the row, column, and bank select latches to become transparent, allowing 


MSEL 


Chip Select. This active-low input is used to enable the DMC. When CS is active, the DMC operates normally in all 
four modes. When C5 goes high, the device will not enter the read/write mode. This allows other devices to access 
the same memory that the DMC is controlling. 
Output Enable. This active-low input enables/disables the output signals. When OE is high, the outputs of the DMC 


enter the high-impedance state. 
Mode Controls. These inputs determine in which of the four modes the DMC operates. The description of each of the 
four operating modes is given in Table 2. 


Address Outputs. These address outputs feed the DRAM address inputs and provide drive for memory systems having 
capacitance of up to 500 picofarads. : 


Row Address Strobe Input. During the normal memory cycles, the decoded RASn output (RASO, RAS1, RAS2, or RAS3) 
is forced low after receipt of an active Row Address Strobe Input signal. In either Refresh mode, all four RAS outputs 
will be low while the Row Address Strobe Input signal is active. The RASI on the ‘ALS6301 is an active-low input while 
on the ’ALS6302, RASI is an active-high input. (For more details see timing diagrams). 
Row Address Strobe. Each of the Row Address Strobe outputs provides a RAS signal to one of the four banks of dynamic 
memory. Each RASn output will go low when selected by SELO and SEL1 after RAS! ('ALS6301) or RASI (‘ALS6302) 
goes active. All four go low in response to RASI (‘ALS6301) or RASI (‘ALS6302) while in the refresh mode. 
Column Address Strobe Input. This input going active causes the selected CAS output to be forced low. The CASI 
input on the ‘ALS6301 is active low input while on the ‘ALS6302, CASI is active high input. (For more details see 
timing diagrams.) 
Column Address Strobe. During normal Read/Write cycles the two selected bits (SELO, SEL1) determine which CAS 
output will go active following CASI (‘ALS6301) or CASI ("ALS6302) going active. When memory scrubbing is being 
performed, only the CASn signal selected will be active. For non-scrubbing cycles, all four CAS outputs will remain high. 
This active-low test input asynchronously sets the row and column input latches high, while forcing the two bank 
select latches low. In normal operation, TP is tied high. 
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TABLE 2. MODE-CONTROL FUNCTION TABLE 


| MC1  MCO | OPERATING MODE 


Refresh Mode without Scrubbing. Refresh cycles are performed with only the row counter being used to generate 
the addresses. In this mode, all four RAS outputs are active while the four CAS outputs remain high. 
Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the row and column counters 
generating the addresses. MSEL is used to select either the row or the column counter. All four RAS outputs go low 
in response to RASI (‘ALS6301) or RASI (’ALS6302), while only one CASn output goes low in response to CASI 
(‘ALS6301) or CASI (‘ALS6302). The bank counter keeps track of which CAS output goes active. This mode can 
also be used during system power-up so that the memory can be written with a known data pattern. 


Read/Write. This mode is used to perform read/write cycles. Both the Row and Column addresses are multiplexed 
to the address output lines using MSEL. SELO and SEL1 are decoded to determine which RASn and CASn 
outputs will be active. The refresh counter is disabled while in this mode. 


Clear Refresh Counters. This mode clears the three refresh counters (row, column, and bank) on the inactive transition 
of RASI (‘ALS6301) or RAS! (‘ALS6302), putting them at start of the refresh sequence (see timing diagrams for more 
detail). In this mode, all four RAS outputs are driven low after the active edge of RAS! (‘ALS6301) or RAS! (‘ALS6302) 
so that DRAM wake-up cycles may also be performed. | 
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TABLE 3. ADDRESS OUTPUT FUNCTIONS 
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Clear refresh counter* H 
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TABLE 5. CAS OUTPUT FUNCTIONS 


INPUTS OUTPUTS 


‘ALS6301 ‘ALS6302 INTERNAL ES is Sag eee 
SEL1t sSELot CASO CAS1 CAS2 CAS3 
CASI CASI BC1 BCO 
Xx Xx X X 


opt ee ek et ee ee 
L H E H Xx xX 
RET Geer 
ete oe cH eh ee. ee 
ees eee 
| "ye ee oe 
Pe ee eo et Wo) we eee ee 
Ese 
ete hae 


Tf TP is low, the row and column address latch will be high. If TP is high, the row and column address latch will be at the levels entered 
when LE was last high. 


+ For ‘ALS6301, clearing occurs on the low-to-high transition of RASI; for ‘ALS6302, clearing occurs on the high-to-low transition of RASI. 
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read/write operation details 


During normal read/write operations, the row and column addresses are multiplexed to the dynamic RAM 
controlled by the MSEL input. The corresponding RASn and CASn output signals strobe the addresses 
into memory. The block diagram in Figure 1 shows a typical system interface for a four-megaword dynamic 
memory. The DMC is used to control the four banks of 1M memory. 


For systems where addresses and data are multiplexed onto a single bus, the DMC uses latches, (row, 
column, and bank) to hold the address information. Figure 5 shows a typical timing diagram using the 
input latches. The twenty-two input latches are transparent when latch enable (LE) is high, and latch the 
input data whenever LE is taken low. For systems in which the processor has separate address and data 
buses, LE may be permanently high (see timing diagram in Figure 4). 
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FIGURE 1. 4-MEGAWORD X 16-BIT DYNAMIC MEMORY 
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read/write operations (continued) 


The DMC is designed with heavy-duty outputs that are capable of driving four banks of 16-bit words, 
including six checkbits used for error detection and correction. 


In addition to heavy-duty output drivers, the outputs are designed with balanced output impedances (25 Q 
both high and low). This feature optimizes the drive low characteristics, based on safe undershoot, while 
providing symmetrical drive high characteristics. It also eliminates the external resistors required to pull 
the outputs up to the MOS VOH level (Vcc — 1.5 V). 
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FIGURE 2. 4-MEGAWORD X 16-BIT DYNAMIC MEMORY WITH ERROR DETECTION AND CORRECTION 
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memory expansion 


With a 10-bit address path, the DMC can control up to four megaword when using 1M dynamic RAMs. 
If a larger memory size is desired, the DMC’s chip select (CS) makes it easy to expand the memory size 
by using additional DMCs. A sixteen-megaword memory system is shown in Figure 3. 


To maintain maximum performance in 32-bit applications, it is recommended that individual bus drivers 
be used for each bank. 
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refresh operations 


The two 10-bit counters in the ‘ALS6301 and ‘ALS6302 support 128-, 256-, 512-, and 1024-line refresh 
operations. Transparent, burst, synchronous, or asynchronous refresh modes are all possible. The refresh 
counters are advanced on the low-to-high transition of RASI on the ‘ALS6301, and on the high-to-low 
transition of RASI on the ‘ALS6302. The refresh counters are reset to zero on the low-to-high transition 
of RASI on the ‘ALS6301, and on the high-to-low transition of RASI on the ‘ALS6302, if MC1 and MCO 
are at a high logic level. See Figure 8 for additional timing details. 


When performing refresh cycles without memory scrubbing (MC1 and MCO both low), all four RAS outputs 
go low, while all CAS outputs are driven high. Typical timing for this mode of operation is shown in Figure 6. 


decoupling 


Due to the high switching speed and high drive capability of the ’ALS6301 and ‘ALS6302, it is necessary 
to decouple the device for proper operation. Multilayer ceramic O0.1-yF to 1-~F capacitors are recommended 
for decoupling. It is important to mount the capacitors as close as possible to the power pins (Vcc and 
GND) to minimize lead inductance and noise. A ground plane is recommended. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


CRE VORA MO oo rer eh een os ae Ga 6 od ow SPR ee A Pe haa oe ee Be 7V 
USES AE MEN rig Ban ag Sas RNA ed eae we OE ak ae Rn a kn a 7V 
Voltage applied to disabled 3-state output: 223. Boas. SO 5.5 V 
Operating free-air temperature range ..... 2... 2... ee 0°C to 70°C 


SONS IGHIPOTetNO tANOR <5 oo i ty 5k le ee te hy ee a —65°C.to 156°C 


recommended operating conditions 


BSE SS, «Cove een ee a 3° ee ee 


(24) RASI high or RAS! low 


UNIT 


3/3 
>| > 


tw Pulse duration 


(25) LE high 
(26) An before LEJ 
; (27) SELn before LE! 
tsu Setup time 
(28) MCO,1 high before RASIT or RASI! 
(29) SELn before RASI! or RASIt 
: (30) An after LE 
th Hold time 
(31) SELn after LE! 


TA Operating free-air temperature 


oO 
~J all 
oO Nh 


° 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


Veo = 45 V, i, = ~18 mA 
Veo = 4.5, ion = =2.6 mA 
wai Voc = 4.5 V, lol = 1 mA 32 08) ov 
Vec = 4.5 V, lol = 12 mA 
lou? Voc = 4.5 V, Vo = 2V 00, ee na 
= 5.5, Vo = 2.7V ee 
5.5. Vo = 0.4V 
5.5, v= 7V ae 
roo veo Sney. to eee eee 
5.5, v= 0.4 V cP a 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ Not more than one output should be tested at a time, and duration should not exceed 1 second. 
8 The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit output current, los. 
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‘ALS6301 switching characteristics, CL = 50 pF 


| tpaiio) | MCO or MC 
haga 2) MOO or MCT = 4.5 V to 5.5 V, 


ee eee ae eee = 0°C to 70°C 
SELO or SEL1 
SELO or SEL1 
4 


OE 


. syonpoid juowebeuey Aiowsy IS TA 


a a 

| tpaig) | = MCO orci 

| tay) | MCO or MCI 

fade Ra? aaciaies ~ ee: Gertie 0 sree 


TSee Figures 10, 11, 12, and 13 for test circuit and switching waveforms. 
tAll typical values are at Vcc = 5 V, Ta = 25°C. 
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-"ALS6302 switching characteristics, CL = 50 pF 


PARAMETER 


PARAMETER 


tod(14 


Vcc 
TA 


= 45Vto 5.5 V, 
= 0°C to 70°C 


= 45Vto5.5V, 


Ta = 0°C to 70°C 
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[10 2035 |e 
fi 2 Bie Bus sab sate | 
ped SO eee 
ES At Ae ene S 
CE BE Ya Berra 
Esme Be 
feemeee ee 
ieee ome CE 
Pree, ede 
pb 0 Ne 
C510 ef 
Fiore el ees eee 
ig eee 
eT ee 
SS 
Pe ae 


TSee Figures 10, 11, 12, and 13 for test circuit and switching waveforms. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
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A INPUTS 
Q OUTPUTS 

cs 
MC INPUTS 


RASI (‘ALS6301) 


RAS! (‘ALS6302) 


RASn OUTPUT 


MSEL 


CASI (‘ALS6301) 


CASI ("ALS6302) 


ASn OUTPUT 
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SEL INPUTS 


QM DONT CARE 


Ke— todi4) —> . 


ROW REFRESH ADD 
| 
WILL ON'T CARE Y//////// 


—> ‘pdi9) je— 
! | READ/WRITE MODE 1 _ REFRESH MODE 


EMA 3 Sa MS NOs ae RM Ce OSA AR ERIS ST ARS 
lt tpdi2) — | - tpa(2) py | 
REY | jg¢—t Y eal a 
tsu(AR)'—pl ag | 
Be ek ae | 
, wt i ‘pd(5) py —> ‘pdi5) e— 


———— 3 cecramnmaes S| as, ee ee ering: | 

So Sse nt ee ERE REERERE S nce ak  e ee 
mh tsu(ac)'—o lee 
| ASE ET 7 

—?i \#— tsu(29) 


| 
(BANK SELECT RMON T CARE MOMMY 
FIGURE 4. READ/WRITE CYCLE TIMING (MC1, MCO = 1, 0), (LE = H) 


' Parameters tsu(AR)- tsu(AC), 2nd th(AR) are timing requirements of the dynamic RAM. Parameters t1, t2, and t3 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum 
requirements for t1, t2, and t3 are as follows: 


ti(min) = tpg(4) Max + tsy(AR) MIN — thg(2) Min 
t2(min) = tpg(2) Max + th(AR) Min - tyg(5) Min 
t3(min) = t2 min + tpg(5) Max + tsy(AC) — tpd(3) Min 


See the DRAM data sheet for applicable tsy(AR). tsu(AR), 29d th(AR)- In addition, note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must relate to actual system capacitive loading. 
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ke— tpaia) —aj_ | 
a ourPuTs OX {Tren noone rare XX conn noessvno YQ) 
l | | | | 
tS bat | 
‘ae | | 
| 


tod(2) | 


| je— "pd 2) —py bf r * ; 
| 
RASI (‘ALS6302) 1 1) be thar)’ —» 
tsulAR)'-py | | | | | | 
RASn OUTPUT i Gp CP ERG GIRO oo NAL SE OM Sa SRNR ar gee acne esrage 
| 


| 
tsu(26) —p| ee l 
| 


LE ‘See ) Eee 
| | ie ‘pdi5) 


le~ todi5) —p 


tw(25 | 
MSEL le Hi? Pas. ee pees 


| 
CASI (‘ALS6301) Spe ee ) | PS ape ey aes 


t 
| | Rees le—tpai3) my 


CASI (’ALS6302) ics Saas pmeacags agora 
| 
| | | tsu(AC)' a ie | 
CASn OUTPUT ry ! ANN ee ee 


tsu(27) py 
; et th31) L— 
SEL INPUTS \\ DON'T CARE XQ Bank SELECT AQ FARE BANK SELECT 
FIGURE 5. READ/WRITE CYCLE TIMING USING INPUT LATCHES (MC1, MCO = H, L) 


T tsu(AR): tsu(AC). and th(AR) are timing requirements of the dynamic RAM. See the DRAM data sheet for applicable specifications. 
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A INPUTS RRXRRRRRRRXKXK oo CARE SARA A AAR SAAS AAA NAAR, DONE CARE AX RN RRR RR RRR R RRR R RRR 


49, [X) x) 9, 
OQ OUTPUTS wy ROW REFRESH ADDRESS VALID OY NEXT ROW REFRESH ADDRESS VALID “0! ee y 


ED 9. 9.9.9.9.9.9.0.9.9.0.0.0.9.9.999.0.9 9.9,9,9.9.9.9.90 000000000. 00006000000 0000000000000 0 CASCAAAAARAS: 0.49900 1000000000 60000006000: 
CS BRR DONT CARE AAR SAK AR ARAN A DONE CARE, MLR XRAY 
ie— tpd(9) >} —>| tpdi9) je— 
MC INPUTS REFRESH MODE MC1,0 = LL | REFRESH MODE MC1.0 = LL READ/WRITE MODE 
\¢- tod(1) >} 
Tsun)’ ley t,t ke—twirH)’ —> 
| ke— tw(RL) | | 
RASn OUTPUT 


erasers CONT CARE DON'T CARE OOM Orr e reer errr nee e ee 


CONS, 


OOOO XXX OAK XX YY 


FIGURE 6. REFRESH CYCLE TIMING (MC1, MCO = L, L) WITHOUT SCRUBBING 


T tsu(AR). tw(RL), 4nd tw(RH) are timing requirements of the dynamic RAM. See DRAM data sheet for applicable specifications. 
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0 ourPuTs Q xX 8 
a l¢- tod(9) »] 


Mc INPUTS . 
rat 
ars | | 


| 
RASI (‘ALS6301) EE aa is ees ae 
| 


| l le tpdl2) Hy 


’ | 
RASI (’ALS6302) —s ges AR oe 


t 
su(AR) —p>j [* | | 1 | 


RASn OUTPUT | Yi | | | LT | 


bp a ee jap a) tras) 
MSEL - ) / 7 \ 
: , | 
] | 


CASI (‘ALS6301) | — i ! J 
SS t 
Le— tpod(3) —pI t¢— tpd(3) + 
CASI (‘ALS6302) 


| | 
t 
Be tsu(AC) 


FIGURE 7. REFRESH CYCLE TIMING (MC1, MCO = L, H) WITH MEMORY SCRUBBING 


T Parameters tsu(AR)- tsu(AC), 2nd th(AR) are timing requirements of the dynamic RAM. Parameters t2, t3, and t4 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum 
requirement for t2, t3, and t4 are as follows: 


t2(min) = tpg(2) Max + th(AR) MIN — tyg(5) Min 
t3(min) = t2 min + tpg(5) Max + tsy(AC) — tpa(3) Min 
t4(min) = tpg(g) Max + tsu(AR) MIN — tpg(2) Min 


See the DRAM data sheet for applicable tgy(AR). tsu(AC), 2nd th(AR)- In addition, note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must correspond to actual system capacitive loading. 
+ A CASn output is selected by the bank counter. All other CASn outputs will remain high. 
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A.SEL INPUTS (YQ LONT, CARE MM 


—> ‘paig) We— 

| 
Q OUTPUTS : A\ Cer. | 
| 


CAMA...) 
kts 28) —_—_——__py 


MC INPUTS CLR REFRESH MODE MC1,0 = HH 


iin tw(23) —>| 


RAS! (6301) \ / 


i Fakccanis 


RASI (6302) / \ 


—> tpdi2) — 


RASn OUTPUT \ / 


MSEL XXX ONL CABE MMMM 


FIGURE 8. REFRESH COUNTER RESET (MC1, MCO = H, H) 
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ei | 
F< AREAS eT CCAR Pa ERENT BETS 
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HTS EEX HETO = CH CCT 0 = 1 RERDIWRITE ODE 167.0 = HE 
MC INPUTS MC1,0 = H,L K__MC1.0 = LH) MC1,0 = HL | READ/WRITE MODE 1MC1,0 = HL 
| | | | 
| 
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| 
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| tpd(10)—p e— 'pd(13) Dy le | Pl tpdi7) Ke | 

LE | oe | 
tpd(15)—} ke— | 


l 

| | | 
| | | | 

! | | gigs | 
| | | l 


| | 
| | | 


CASI (6302) —! 


a 


~ VLSI Memory Management Products 


] 
—Pj ten(19) e— : tpd(11)— ge : tpd(14)—PI + | tdis(22) 4 le 
! | 


CASn OUTPUT 


| 
tod(11)—pl ig— | ‘pd(14)—PI re— —Pl tod(8) ke— 
SEL INPUTS BANK SELECT BANK SELECT BANK SELECT 


| 
tpd(16)—p} — 
FIGURE 9. MISCELLANEOUS TIMING 
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SWITCHING TEST CIRCUIT 


< Vcc 
a FROM 
” DEVICE R Vy Lz, ZL 
OUTPUT FROM 68002 Ss 
<= ae, S DEVICE 
) L 2 ko OUTPUT 2 
3 + ae = 50 pF HZ, ZH 
: T 
= “tod specified at CL = 50, 150 pF 
a FIGURE 10. CAPACITIVE LOAD SWITCHING FIGURE 11. THREE-STATE ENABLE/DISABLE 
© 
@ 
3 
S TYPICAL SWITCHING CHARACTERISTICS 
ot 
wv VOLTAGE WAVEFORMS TYPICAL OUTPUT DRIVER 
o 
> 3V Vec 
q INPUT 1.5V 1.5V 
7) ov 
tPLH > tPHL 
| OUTPUT TO 
Sena 2.4V RAM ADDRESS 
08V , OR CONTROL 
so LINES 


GND 
FIGURE 12. OUTPUT DRIVE LEVELS 


THREE-STATE TIMING 


3-STATE 
CONTROL 
(OE) 
tpHz tpZH 
| (DISABLE) (ENABLE) | 
r | | VOH 
VOH : Von - 0.5V ORE cn sede canis —2.4V 
1 
OUTPUT | ! (HIGH IMPEDANCE) . 
| | | 
Mi eS FSS FE ha Se et el i ce ie 0.8V 
! a VOL 
VoL tpLz tPZL 7 | 
| Ie > DISABLE) (ENABLE) < 


NOTE: Decoupling is needed for all AC tests 


FIGURE 13. THREE-STATE CONTROL LEVELS 
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D2989, JUNE 1987 


Inputs are TTL- and CMOS-Voltage JD OR N PACKAGE 
Compatible (TOP VIEW) 
@ Controls Operation of 64K and 256K . Acw {}1 as) ACR 
Dynamic RAMs CASO [J2 47)RAS1 
RAO (3 46 RASO 
Creates Static RAM Appearance cao 45PJALE 
3 ; MAO (5 44CS 
One Package Contains Address Multiplexer, MA1 U6 43 RENO 
Refresh Control, and Timing Control caiQ7 42[)RDY 
RA1 Ls 41 [)CLK 
@ Directly Addresses and Drives Up to 2 RA2Q9 40L)RAS3 
Megabytes of Memory Without External CA2U e 39} RAS2 
: MA2Q 38f)CAS1 
Ere GND Wj12 37LJ GND 
@ Operates from Microprocessor Clock nee a 2 : sta 
a . 14 5 CC 
No Crystals, Delay Lines, or RC na3 Cis satiniae 
Networks mMA4 (O16 33[] CA8 
— Eliminates Arbitration Delays ca4Qi7 321) RAS 
RA4C18 311) REFREO 
@ Refresh May Be Internally or Externally MA5[(]19 30] TWST 
Initiated CA5 (20 291 FSO 
RA5 (21 28[]FS1 
@ Versatile RAG 22 272) RA7 
— Strap-Selected Refresh Rate CAG L283 BE CAT 


— Synchronous, Predictable Refresh MA6 LU 24 25f) MA7 


— Selection of Distributed, Transparent, 
and Cycle-Steal Refresh Modes 

— Interfaces Easily to Popular 
Microprocessors 

— Asynchronous RESET Function Provided 
in FK and FN Packages 


@® High-Performance Si-Gate CMOS 
Technology 


FK OR FN PACKAGE 
(TOP VIEW) 
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'@ Strap-Selected Wait State Generation for 
Microprocessor/Memory Speed Matching 


@ Ability to Synchronize or Interleave 
Controller with the Microprocessor System 
(Including Multiple Controllers) 


@ 3-State Outputs Allow Multiport Memory 
Configuration 


@® Performance Range: 
115 ns ALE low to CAS low 


@ Functionally Equivalent to TMS4500A/B and 
to VTI VL4500A and VL4502 


@ Available in Plastic and Ceramic Chip 
Carriers in Addition.to Plastic and Ceramic NC —No internal connection 
DIPs 


@ Dependable Texas Instruments Quality and 
Reliability 


PRODUCTION DATA documents contain information : Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 7-197 
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description 


The THCT4502B is a monolithic DRAM system controller providing address multiplexing, timing, control 
and refresh/access arbitration functions to simplify the interface of dynamic RAMs to microprocessor 
systems. 


The controller contains an 18-bit multiplexer that generates the address lines for the memory device from 
the 18 system address bits and provides the strobe signals required by the memory to decode the address. 
A 9-bit refresh counter generates up to 512 row addresses required to refresh. 


A refresh timer is provided to generate the necessary timing to refresh the dynamic memories and ensure 
data retention. 


The THCT4502B also contains refresh/access arbitration circuitry to resolve conflicts between access 
requests and memory-refresh cycles. 


The THCT4502B is characterized for operation from O°C to 70°C. 


functional block diagram 
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RAO 
aa ae A 
Ra2 2) 8) mao 
RAG (18) ADDRESS (6) MAI 
can (21) LATCH 
rag £22) OD maz 
RA? (27) 
nag 122) (13) seas 
(16) aay 
cao £4 
Cas (19) cone 
CA2 10) 
cag 114) COLUMN (24) mas 
am 120) (25) waz 
cag 22) 
ca7 {26) 134) was 
cae [33) 
ave (45) 
== (44) 
Z (43) {46) EAS0 
RENO 
REN1 2) (47) RAS1 
ncn (48) 
xow (39) =a55 
TIMING = 
REFREG 13) “Eas >—) an 9 (90) Rass 
CASO 
ae sa 
‘wat (30) CAS1 
eso (29) REFRESH 
(28) RATE {42) roy 
FS1 GENER- 
ATOR 
cix (40) 


RESET (FK and FN packages only) 


Pin numbers shown are for JD and N packages. 
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pin descriptions 


RAO-RA8 Input Row Address — These address inputs are used to generate the row address 
for the multiplexer. 


CAO0-CA8 Input Column Address — These address inputs are used to generate the column 
address for the multiplexer. 


MAO0O-MA8 Output Memory Address — These three-state outputs are designed to drive the 
addresses of the dynamic RAM array. 


ALE Input Address Latch Enable — This input is used to latch the 18 address inputs, 
CS, RENO, and REN1. This also initiates an access cycle if CS is low. The 
rising edge (low level to high level) of ALE returns all RAS outputs to the 
high level. 


cs Input Chip Select — A low on this input enables an access cycle. The trailing 
edge of ALE latches the chip select input. 


RENO, REN1 Inputs RAS Enable O and 1 — These inputs are used to select one of four banks 
of RAM when CS is low. When REN1 is low, the lower banks are enabled 
via CASO, RASO, and RAS1. When REN1 is high, the higher banks are 
enabled via CAS1, RAS2 and RAS3. RENO selects RASO and RAS2 when 
low, or RAS1 and RAS3 when high. (see Table 2). 
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ACR, ACW Input Access Control, Read; Access Control, Write — A low on either of these 
inputs causes the column address to appear on MAO-MA8 and a low-going 
pulse from CAS. The rising edge of ACR or ACW terminates the cycle 7 
forcing RAS and CAS high. When ACR and ACW are both low, MAO-MA8, 
RASO, RAS1, RAS2, RAS3, CASO and CAS11 go into a high-impedance 
(floating) state. 


=] 


CLK Input System Clock — This input provides the master timing to generate refresh 
cycle timings and refresh rate. Refresh rate is determined by the TWST, 
FS1, and FSO inputs. 


REFREQ 1/0 Refresh Request — This input should be driven by an open-collector or open- 
drain output. On input, a low-going edge initiates a refresh cycle and will 
cause the internal refresh timer to be reset on the next falling edge of the 
CLK. As an output, a low-going edge signals an internal refresh request 
and that the refresh timer will be reset on the next low-going edge of CLK. 
REFREQ will remain low until the refresh cycle is in progress and 
the current refresh address is present on MAO-MA8. (Note: REFREQ 
contains an internal active pullup with a nominal resistance of 10 kQ, which 
is disabled when REFREQ is low). 


RASO, RAS1 Output Row Address Strobe — These three-state outputs are used to latch the 
RAS2, RAS3 row address into the bank of DRAMs selected by RENO and REN1. On 
refresh, all RAS signals are active. 


CASO, CAS1 Output Column Address Strobe — These three-state outputs are used to latch the 
column address into the DRAM array. 


RDY Output Ready — This totem-pole output synchronizes memories that are too slow 
to guarantee microprocessor access time requirements. This output is also 
used to inhibit access cycles during refresh when in cycle-steal mode. 
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pin descriptions (continued) 


TWST Input Timing/Wait Strap — A high on this input indicates a wait state should be 
added to each memory cycle. In addition it is used in conjunction with FSO 
and FS1 to determine refresh rate and timing or initialize the controller. 


FSO, FS1 Inputs Frequency Select 0; Frequency Select 1 — These are strap inputs to select 
Mode and Frequency of operation as shown in Table 1. 


RESETT Input RESET — Active-low input to initialize the controller asynchronously. 
Refresh Address is set to IFF16, internal refresh requests, synchronizer, 
and frequency divider are cleared. (Note: RESET contains an internal pullup 
resistor with a nominal resistance of 100 kQ, which allows this pin to be 
left open.) 


TThis function is available only in the FK and FN packages. 


TABLE 1. STRAP CONFIGURATION 


WAIT 
STATES MINIMUM CLOCK 
FOR CLOCK REFRESH CYCLES 
MEMORY REFRESH FREQUENCY | FREQUENCY FOR EACH 
ACCESS RATE (MHz) (kHz) REFRESH 
EXTERNAL REFREQ 
EXTERNAL REFREQ 
CLK + 61 64-95+ 
CLK + 91 64-888 
CLK + 61 
- CLK + -91 
CLK + 106 
CLK + 121 


STRAP INPUT MODES 


T This strap configuration resets the Refresh Timer Circuitry. 

t Upper figure in refresh frequency is the frequency that is produced if the minimum clock frequency of the next select state is used. 
§ Refresh frequency if clock frequency is 8 MHz. 

{ Refresh frequency if clock frequency is 10 MHz. 


TABLE 2. OUTPUT STROBE SELECTION 


CONTROL INPUT SELECTED OUTPUT 


NOTE: Changing the logic value of REN1 after a low-to-high transition of ALE and before ACX rises causes the other CAS to fall. Both 
CAS signals remain low until ACX rises. 


functional description 


The THCT4502B consists of six basic blocks: address and select latches, refresh rate generator, refresh 
counter, the multiplexer, the arbiter, and the timing and control block. 
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address and select latches 


The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without external latches. The row address latches are transparent, meaning 
that while ALE is high, the output at MAO-MA8 follows the inputs RAO-RA8. 


refresh rate generator 


The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the configuration straps as shown in Table 1. The counter 
is reset when a refresh cycle is requested dr when TWST, FS1, and FSO are low. The configuration straps 
allow the matching of memories to the system access time. Upon power-up it is necessary to provide 
a reset signal by driving all three straps to the controller (or RESET for devices in the FK and FN packages 
only) low. A systems power-on reset (RESET) can be used to do this by connecting it to those straps 
that are desired high during operation. During this reset period, at least four clock cycles should occur. 


refresh counter 


The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. A low-to-high transition on TWST sets the refresh counter to 1FF76 (51110). 


multiplexer 


The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. 
Its inputs are the address latches and the refresh counter. The ane provide up to 18 multiplexed 
addresses on nine lines. 


arbiter 


The arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 


timing and control block 


The timing and control block executes the operational cycle at the request of the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a RDY signal. It controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Suny. vores fangs, Ver Gear Norw- 4 )= ys ere Ses ha ee ee eee ee —-1.5Vto7V 
inst dipde Corrent Sie {Vr sO, Ce NOOL te le a hes oes te ae sey 4 +20 mA 
GCitput ciode-cucentiOk IVO <8 Wo > VGC) ia oS ee OR aS +20 mA 
Continuous Satbur Current, ifi-(Ve). = 0 te VEC cet ee oS je ose be ce we a +35 mA 
Continuous current throug Vcr Or GND gis ©... 2 ai es eke ee A SES ee eee +70 mA 
Operating free-air temperature-tange . 5 sa re ee ee ee OPC t670"6 
Storage tenisermture range 32 57 0), ss ce Se RES, SAS ee —65°C to 150°C 
Lead ternperature 1,6 mm (1/16 inch) from case for 60 seconds: FK or JD package ....... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package ........ 260°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is stress rating only, 
and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions”’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Voltage values are with respect to network ground. 
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recommended operating conditions 


Vcc Supply voltage 
ViH High-level input voltage 


Vit Low-level input voltage 

Vo Output voltage 

tt Input transition (rise and fall) time 
Ta Operating free-air temperature 


T The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MAO—MA8, 
RASO—RAS3, 
CASO—CAS1 


VOH High-level output voltage 
R 
ee on= 25 : 
REFREQ IOH = —20 nA 


DY 
RDY, REFREQ 


~ s}onpoig }uswebeuey-: AiOWwsW IS TA 


EFRE 


All others 


| REFREG 
lie Low-level input current | RESET. 


Vi = Vcc or O, 

| Supply current 

CC pply Ip = 0 

§ One input at 0.5 V or 2.4 V, 

Alcc? Supply current change j 2 
Other inputs at O V or Vcc 

Cj Input capacitance sy ier 5.5 V 

pees f = 1 MHz 


+ This parameter, loz, the high impedance-state output current, applies only for three-state outputs and transceiver |/O pins. 
§ This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than O V or Vcc. 
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timing requirements over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 
ee ae 

teiG) __CLK eycle time ADO ik cen ea 

twiCH) CLK high pulse duration a aR 27 

twiCL) CLK low pulse duration Pe cok 

tAEL-CL Time delay, ALE low to CLK starting low (see Note 1) React as 

tCL-AEL Time delay, CLK low to ALE starting low (see Note 1) i gee Sk 


tCL-AEH Time delay, CLK low to ALE 
tw(AEH Pulse width ALE high 


Rone 
ores! 
icra: 
me 
ical 
a 
[ns 

Ewes 

PtagL-ax Time delay, ALE low to address not valid ——=SSOSCSC~S~“~S*~iSCSCi re 

Bi cae 
eae 
at eel 
Bee 
pene 
rehed 
[ns 


tAEL-ACL Time delay, ALE low to ACX low (see Notes 3, 4, 5, and 6) thi(RA) + 30 
tACH-CL Time delay, ACX high to CLK low (see Notes 3 and 7) 
tACL-CH Time delay, ACX low to CLK starting high (to remove RDY) 


tROL-CL Time delay, REFREO low to CLK starting low (see Note 8) 


twiRaL) Pulse width REFREG low ala omen ea, 


tw(ACL ACX low width (see Note 9) 
atcCIK 


NOTES: 1. Coincidence of the trailing edge of CLK and the trailing edge of ALE should be avoided as the refresh/access occurs on the 
trailing CLK edge. 

2. If ALE rises before ACX and a refresh request is present, the falling edge of CLK after tc_-aEH will output the refresh address 
to MAO-MA7 and initiate a refresh cycle. 

3. These specifications relate to system timing and do not directly reflect device performance. 

4. On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 
ACX low. If ACX occurs prior to or coincident with ALE, then CAS is timed from the CLK high transition that causes RAS 
low. If ACX occurs 20 ns or more after ALE, then CAS is timed from the CLK low transition following the CLK high transition 
causing RAS low. 

5. For maximum speed access (internal delays on both access and access grant cycles), ACX should occur prior to or coincident 
with ALE. 

6. th(RA) is the dynamic memory row address hold time. ACX should follow ALE by tagL-ceL in systems where the required 
th(RA) is greater than tREL-MAX Minimum. 

7. The minimum of 30 ns is specified to ensure arbitration will occur on falling CLK edge, tacH-c_ also affects precharge time 
such that the minimum tacH-cCL should be equal or greater than: tw(RH) — twiCL) + 30 ns (for a cycle where ACX high 
occurs prior to ALE high) where tyw(RH) is the DRAM RAS precharge time. 

8. This parameter is necessary only if refresh arbitration is to occur on this low-going CLK edge (in systems where refresh is 
synchronized to external events). 

9. The specification tw(ACL) is designed to allow a CAS pulse. This assures normal operation of the device in testing and system 
operation. 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 


C_ = 360 pF 


Time delay, ALE to RDY starting low (TWST = 1 


me Cy = 40 pF = 
AEL-RYL or refresh in progress) 


tAEL-CEL Time delay, ALE low to CAS starting low (see Note 10) Cy = 360 pF 


: Time delay, CLK high to RDY starting high Se 9 
CH-RYH (after ACX low) (see Note 11) eee 


Time delay, REFREQ external till supported by 
REFREQ internal 


tCH-RFL Time delay, CLK high till REFREQ internal starting low Ci = 40 pF 


tCL-MAV _ Time delay, CLK low till refresh address valid Cy = 360 pF 
tCH-RRL Time delay, CLK high till refresh RAS starting low Ci = 180 pF 
tMAV-RRL_ Time delay, refresh address valid till refresh RAS low Ci = 180 pF 


Time delay, CLK low to REFREQ starting high 
(3 cycle refresh) 


Time delay, CLK high to REFREQ starting high 


ie C; = 40 pF 
CH-RFH ig cycle refresh) 


tCH-RRH — Time delay, CLK high to refresh RAS starting high CL. = 180 pF 5 30 
tCH-MAX Refresh address valid after CLK high Cy = 360 pF 


NOTES: 10. The falling edge of CAS occurs when both ALE low to CAS low time delay (tae_L-cEeL) and ACX low to CAS low time delay 
(tacL-CEL) have elapsed, i.e., if ACX goes low prior to (taeL-CEL — taCL-CEL) after the falling edge of ALE, the falling edge 
of CAS is measured from the falling edge of ALE (tag_-cEL). Otherwise, the access time increases and the falling edge of 
CAS is measured from the falling edge of ACX (taci-ceEL). : 

11. RDY returns high on the rising edge of CLK. If TWST = O, then on an access grant cycle RDY goes high on the same edge 
that causes access RAS low. If TWST = 1, then RDY goes to the high level on the first rising CLK edge after ACX goes low 
on access cycles and on the next rising edge after the edge that causes access RAS low on access grant cycles (assuming 
ACX low). 


tRFL-RFL 


~ sjonpoig }uewebeue- Aiowely] ISTA 


tCL-RFH Cl = 40 pF 


c 
= 
= 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) (continued) | 


THCT . 
PARAMETER TEST CONDITIONS GD si, U 


tCH-REL | Time delay, CLK high till access RAS starting low Ci = 180 pF 4 
Time delay, CLK low to access CAS starting low 
(see Note 12) 

Row address valid after CLK low Cy = 360 pF 


tCL-CEL Ci = 360 pF 70 


tdis Output disable time (3-state outputs) CL = 360 pF 


Time delay, column address valid to 


t a — 
CAV-CEL CAS starting low after refresh (see Note 12) 


Time delay, CLK high to access CAS starting low 


5 
t es 
CH-CEL (see Note 13) 
tt(CEL CAS fall time 20 
CAS rise time 30 
20 


RAS rise time 
Address transition time 
tiRYL RDY fall time 


72] 
end 
Oo 
= 
n°) 
(e) 
lem 
0. 
~~ 
— 
® 
& 
® 
0) 
is] 
= 
© 
= 
eS 
© 
£ 
® 
= 
7, 
onl 
> 


tt(RYH) RDY rise time 


‘NOTES: 12. The occurrence of CAS low is guaranteed not to occur until the column address is valid on MAX. 
13. On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 
ACX low. If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK high transition that causes RAS low. 
if ACX occurs 20 ns or more after ALE then CAS is timed from the CLK low transition following the CLK high transition 
causing RAS low. (See Refresh Cycle Timing Diagram) 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
UNDER TEST : 
- 


FIGURE 1. LOAD CIRCUIT 


TEXAS 4 7-205 
INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 fa 


sjonpoig }uowebeueyy Aiowesy IS TA 


7 


THCT45028 
DYNAMIC RAM CONTROLLER 


}+———— tc) 

| ke—twiCH 

190% pea tic I 3V 
CLK 1.3V 1.3V 1.3V 1.3V 1.3V 


tCL-AEL 1 @—twiCL) 


| 
et 
e—twiacH—ol te : : 
joo tAEL-CL ) 1e-P+- tCL-AEH 


| | | 
tAV-AEL -+¢—phe—pt- tAEL-AX 


| i] l | 
RENO,REN1, x XXX 


ROW,COL,CS 


ACX 
(ACR or ACW) 


-MAVie——_—_3) 0 = een eo L 
is 4 Ie TAEH-MAX > 9 
[+—'AEH-MAV—{ 04. | be—ph tace-max | + TACH-MAX 
| 


meee 
EER OH 


MAO-MA8 ¥ BRK NESS y 
triMAV)-pl ke | | je—t ol tmav-cer ; > ; tt(CEH) 
|>4 ke te(CEL) tACH.CEH-}¢————}y 
} | VOH 
CAS aa a asaai pat ik 3V 13V d 
Pa ae sit ote Ye OL 
j | le—taci-ce.—+l 
AEL-RYL}¢——+4 ty Nes plone 
| VOH 
RDY 
¥ | 
t 
| Ba ada | 1 ke tiRYH) 


emotes, OC eacae Weare moti 


NOTE 14: All transition times (ty) are measured between 10% and 90% points. 


FIGURE 2. ACCESS CYCLE TIMING 


CLK 1.3V 1.3V 
| OV 


traL-cL-}¢——>} 


! ——-— 3V 
REFREO 1.3 “* #3 v Ks V cH-RFLf¢———p| 
(EXTERNAL) ) ) a 
tw(RQL)-}¢———-pI l 
—---—----- Vv 
28 }¢ ——'rFL-RFL—| ¥, OH 
REFREO 1.3V 


(INTERNAL) ; VOL 
FIGURE 3. REFRESH REQUEST TIMING 


NOTE 15: Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zoyt = 502, ty = 6 ns, te = Ens. 
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OUTPUT 
WAVEFORM 1 
(See Note 15) 


OUTPUT 
WAVEFORM 2 
(See Note 15) 


VOLTAGE WAVEFORMS 


NOTE 16: Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the access controls. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the access controls. 


FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS 


| 
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~ 


|F 
~ 
m 


| 
| 
feast SASS ES 1 
REFREO ! | 
| | 
tCLMAV feat torr max feo} tcr.max 


MAO-MA7 REFRESH ADDRESS ROW ADDRESS 

le} -tcu- AL Jeol tcr.rrH *CH-REL ee tcav-ceL-fe} 
J 

1 


| 
| 
| t 
le (MAV-RALD tCL-CEL fe 


CAS PR wa tcH-ceL! an 


T On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK high transition (tcy-cEL) if ACX low 
occurs prior to or coincident with the falling edge of ALE. 

+ On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK low transition (tcL-cEL) if ACX low occurs 
20 ns or more after the falling edge of ALE. 


FIGURE 5. REFRESH CYCLE TIMING (THREE CYCLE) 


NOTE 15: Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zoyt = 502, tr = Ens, tf = Ens. 
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| 
| 
| | 
’ i 
ACX : | 
7 ] | : | 
i 
REFREQ ! ! | | | | 
| | | 
| 


| 
be-p}-tcr-max 


MAO0-MA7 


RAS 
l¢————»}- tMAV-RRL | tcL-ce.?-+¢——9} 
CAS be tCH-CELt —¥l\ 


T On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK high transition (tcH-CcEL) if ACX low 
occurs prior to or coincident with the falling edge of ALE. Leah * 

+ On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK low transition (tcL-cEL) if ACX low occurs 
20 ns or more after the falling edge of ALE. 

NOTE 15: Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zout = 509, ty = 6 ns, tf = Ens. 


FIGURE 6. REFRESH CYCLE TIMING (FOUR CYCLE) 


ACCESS | REFRESH/ACCESS GRANT | ACCESS 
Pele eg fea) wt eee eG Se ets 


ee 
opt deo ee ee ens a a ag 


FIGURE 7. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE, TWST IS LOW) 
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ACCESS REFRESH/ACCESS GRANT 
Pac hat sole 1 | wi | woa{ ws] 2 | 3 | 4 he) 
Be | a | ian ee 


| 
| 
ogc ats NS SS ie 


FIGURE 8. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE, TWST IS LOW) 
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FIGURE 9. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE, TWST IS HIGH) 
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FIGURE 10. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE, TWST IS HIGH) 


TYPICAL CHARACTERISTICS 


Icc vs CLOCK FREQUENCY 


100 


75 


50 


icc — Supply Current — mA 


0 
Oi 2 ae a SS Se a ee 
fclock — Clock Frequency — MHz 


TLoad is 360 pF for CAS and MA outputs, 180 pF, for all RAS outputs. 


FIGURE 11 
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D2674, JANUARY 1982—REVISED AUGUST 1985 


Controls Operation of 8K, 16K, 32K, and TMS4500A . . . NL PACKAGE 
64K Dynamic RAMs (TOP VIEW) 


Creates Static RAM Appearance 


One Package Contains Address Multiplexer, 
Refresh Control, and Timing Control 


@ Directly Addresses and Drives Up to 256K 
Bytes of Memory Without External Drivers 


@ Operates from Microprocessor Clock 
— No Crystals, Delay Lines, or RC 
Networks 
— Eliminates Arbitration Delays 


@ Refresh May Be Internally or Externally 
Initiated 


@ Versatile 
— Strap-Selected Refresh Rate 
— Synchronous, Predictable Refresh 
— Selection of Distributed, Transparent, and 
Cycle-Steal Refresh Modes 
— Interfaces Easily to Popular 
Microprocessors 


TMS4500A . . . FN PACKAGE 
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(TOP VIEW) 
@ Strap-Selected Wait-State Generation for C 
Microprocessor/Memory Speed Matching fe ar 
Winso SU On seo 
@ Ability to Synchronize or Interleave ql6ecroZzs5a@F 22 
Controller with the Microprocessor System 65432 
(including Multiple Controllers) RASO [J 7 39[] RA7 
; RAS1 1/8 CA7 
@ 3-State Outputs Allow Multiport Memory ye Ag MA7 
Configuration ACW MAG 
@ Performance Ranges of 150 ns, 200 ns, or CAS J"! ae 
250 ns NC P}'? di 
RAO [J13 RAG 
es CAO 14 RAS 
description mao {]15 CA5 
The TMS4500A is a monolithic DRAM system MA1 p16 beise 
caA1 p17 RA4 


controller designed to provide address multi- 
plexing, timing, control and refresh/access — 
arbitration functions to simplify the interface of a 
dynamic RAMs to microprocessor systems. 


18 19 20 2122 2324 2526 27 28 


ee a ee 
ae - ae 


The controller contains a 16-bit multiplexer that generates the address lines for the memory device from 


the 16 system address bits and provides the strobe signals required by the memory to decode the address. 
An 8-bit refresh counter generates the 256-row addresses required for refresh. 


A refresh timer is provided that generates the necessary timing to refresh the dynamic memories and assure 
data retention. 


The TMS4500A also contains refresh/access arbitration circuitry to resolve conflicts between memory 
access requests and memory refresh cycles. The TMS4500A is offered in a 40-pin, 600-mil dual-in-line 
plastic package and 44-pin, 650-mil square plastic chip carrier package. It is characterized for operation 
from O°C to 70°C. 


‘ 


PRODUCTION DATA documents contain information a Copyright © 1983, Texas Instruments Incorporated 

current as of publication date. Products conform to i] 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not [ 7-211 
_ necessarily include testing of all parameters. NSTRUMENTS . 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TMS4500A 


DYNAMIC-RAM CONTROLLER 


. sjonpoig }uewebeuey AioweW IS TA 
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RAO-RA7 | > 


CA0-CA7 Mike] 


ALE 


REFREQ 


CLK 


pin descriptions 


Input 


Input 


Output 


Input 


Input 


8 
ROW 
apDREsS | 
LA 


MULTI- 
PLEXER 
8 
Cin) Ee ae Vi Dd) Mao-ma7 


BLOCK DIAGRAM 


REFRESH 


COUNTER |_2__ 


SELECT RASO 
LATCH 
RAS1 
os TIMING 
AND 
e 
Vv CAS 
\ 
REFRESH [~~ | 
RATE 

GENER- RDY 


ATOR 


Row Address — These address inputs are used to generate the row 
address for the multiplexer. 


Column Address — These address inputs are used to generate the column 
address for the multiplexer. 


Memory Address — These three-state outputs are designed to drive the 
addresses of the dynamic RAM array. 


Address Latch Enable — This input is used to latch the 16 address inputs, 
CS and REN1. This also initiates an access cycle if chip select is valid. 
The rising edge (low level to high level) of ALE returns RAS to the high 
level. 


Chip Select — A low on this input enables an access cycle. The trailing 
edge of ALE latches the chip select input. 


RAO—RA7 
CAO—CA7 
MAO—MA7 
ALE 
cs 
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pin descriptions (continued) 


REN1 


CLK 


REFREQ 


RASO, RAS1 


TWST 


FSO, FS1 


Input 


Input 


Input 


Input/Output 


Output 
Output 
Output 
Input 


Input 


RAS Enable 1 — This input is used to select one of two banks of RAM 
via the RASO and RAS1 outputs when chip select is present. When it 
is low, RASO is selected; when it is high, RAS1 is selected. 


Access Control, Read; Access Control, Write — A low on either of these 
inputs causes the column address to appear on MAO—MA7 and the 
‘column address strobe. The rising edge of ACR or ACW terminates the 
cycle by ending RAS and CAS strobes. When ACR and ACW are both 
low, MAO—MA7, RASO, RAS1, and CAS go into a high- impedance 
(floating) state. 


System Clock — This input provides the master timing to generate refresh 
cycle timings and refresh rate. Refresh rate is determined by the TWST, 
FS1, FSO inputs. 


Refresh Request — (This input should be driven by an open-collector 
output.) On input, a low-going edge initiates a refresh cycle and will cause 
the internal refresh timer to be reset on the next falling edge of the CLK. 
As an output, a low-going edge signals an internal refresh request and 
that the refresh timer will be reset on the next low-going edge of CLK. 
REFREO will remain low until the refresh cycle in progress and the current 
refresh address is present on MAO—MA7. (Note: REFREO contains an 
internal pull-up resistor with a nominal resistance of 10 kilohms.) 


Row Address Strobe — These three-state outputs are used to latch the 


row address into the bank of DRAMs selected by REN1. On refresh both © 


signals are driven. 


Column Address Strobe — This three-state output is used to latch the 
column address into the DRAM array. 


Ready — This totem-pole output synchronizes memories that are too 
slow to guarantee microprocessor access time requirements. This output 
is also used to inhibit access cycles during refresh when in cycle-steal 
mode. 


Timing/Wait Strap — A high on this input indicates a wait state should 
be added to each memory cycle. In addition it is used in conjunction with 
FSO and FS1 to determine refresh rate and timing. 7 


Frequency Select 0; Frequency Select 1 — These are strap inputs to 
select Mode and Frequency of operation as shown in Table 1. 
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TABLE 1. STRAP CONFIGURATION 


WAIT 
STATES CLOCK 
FOR MINIMUM FOR EACH 
MEMORY REFRESH CLK FREQ. REFRESH FOR EACH 
ACCESS RATE (MHz) FREQ. (kHz) REFRESH 
EXTERNAL REFREQ 
CLK +31 , 64-95 
CLK +46 64-85+ 
CLK +61 ; 64-828 
CLK +46 
CLK +61 
CLK +76 
CLK +91 


STRAP INPUT MODES 


L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


t This strap configuration resets the Refresh Timer circuitry. 


+The highest frequency in the refresh frequency column is the frequency that is produced if the minimum CLK frequency of the next select 
state is used. 


8 The highest frequency in the refresh column is the refresh frequency if the CLK frequency is 5 MHz. 
{The highest frequency in the refresh column is the refresh frequency if the CLK frequency is 8 MHz. 


functional description 


TMS4500A consists of six basic blocks; address and select latches, refresh rate generator, refresh counter, 
the multiplexer, the arbiter, and timing and control block. 


address and select latches 


The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without external latches. The row address latches are transparent, meaning 
that while ALE is high, the output at MAO—MA7 follows the inputs RAO—RA7. 


refresh rate generator 


The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the configuration straps as shown in Table 1. The counter 
is reset when a refresh cycle is requested or when TWST, FS1 and FSO are low. The configuration straps 
allow the matching of memories to the system access time. 


Upon Power-Up it is necessary to provide a reset signal by driving all three straps to the controller low 
to initialize internal counters. A system’s low-active, power-on reset (RESET) can be used to accomplish 
this by connecting it to those straps that are desired high during operation. During this reset period, at 
least four clock cycles should occur. 


refresh counter 


The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. [A low-to-high transition on TWST sets the refresh counter to FF16 (255140).] 


multiplexer 


The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. 
Its inputs are the address latches and the refresh counter. The outputs provide up to 16 multiplexed 
addresses on eight lines. 
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arbiter 


The arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 


timing and control block 


The timing and control block executes the operational cycle at the request of the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a RDY signal. It controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply.voltage range; VCC (see. Note 1s. i eae cis eo ee eS =1.5V tov V 
input Veilede Tanne -tany innit. i nea oe i ce Fe ee OE Oe oe ee —-1.5Vto7V 
COMnsbUs DOWer CISGINGHON: 2 °).2 5 oS as. Ce Mo es ee Se EF ee er Ge eee ee a 1.2 W 


Operating free-air temperature range... ee eee cs I eee PO 0°C to 70°C 
Storage Temperature. (Ange =. ak ce Schoen a eo eee 6 a le lee See =65 °C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘’Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Voltage values are with respect to the ground terminal. 


recommended operating conditions 


PARAMETER 


Supply voltage, Vcc 


s VLSI Memory Management Products 


Operating free-air temperature, Ta 


+The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 
8 Not more than one output should be shorted at a time. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TYP{ MAX | UNIT 
MAO-MAT, RDY 
ee Vcc = 4.5V., lIoH = -—1mMA 
RASO, RAS1, CAS V 
REFREO Vee = 45V,_1oW =~ 100 4A 
VoL Low-level output voltage Vec = 4.5V, lot =4mA eee tented ae Eee 


V 
7 REFREO 
Ne Low-level input current Vv ) 
All others 


loz Off-state output current Vcc = 5.5V, Vo =O0to4.5V 
Ci 
Oo 


VoH_ High-level output voltage 


| = 

6 a 

lcc Operating supply current Ta = O°C 100 140 
Vi=0, f= 1 Miz See eee 

Cc Output capacitance Vo = 0, f = 1 MHz Agee SSS 


{ All typical values are at Vcc = 5 V, Ta = 25°C. 
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timing requirements over recommended supply voltage range and operating free-air temperature (unless 
otherwise noted) 


; TMS4500A-15 TMS4500A-20 TMS4500A-25 
het Se [MIN MAX _| 


we 


Time delay, ALE low to CLK 
starting low (see Note 1) 


RSs eae et = Saee a at 
ee LOBEL SRS) Heese 
; Time delay, CLK low to ALE 
CL-AEL starting low (see Note 1) 
a ee ae 
eee 


tAEL-CL 


: Time delay, CLK low to ALE 
CL-AEH starting high (see Note 2) 


‘tw(AEH) Pulse duration, ALE high 


Time delay, address REN1, CS * 


t Ms 
AV-AEL valid to ALE low 


Time delay, ALE low to address 
tAEL-AX 


. s}onpoig }uowebeuey AioweW IS TA 


120 

10 

10 

20 

10 

10 

not valid 

20 

30 

20 

20 


140 
20 
Time delay, ALE low to ACX low 

t . t +30 t +40 t +50 
ibe rsas (see Notes 3, 4, 5, and 6) MRA) nia! di 
Time delay, ACX high to CLK low 
ACH-CL (see Notes 3 and 7) 
: Time delay, ACX low to CLK 30 
ACL-CH starting high (to remove RDY) 

20 


Time delay, REFREQ low to CLK ba 5 ee 
*ROL-CL starting low (see Note 8) 

2a reas EAGLE Eicken kta, “eae ee 

FtwiaCl) ACK low duration see Note) ——=—S*dE=S1O~“‘“dSCSCSSC*~“‘“RS WSCC 

NOTES: 1. Coincidence of the trailing edge of CLK and the trailing edge of ALE should be avoided as the refresh/access occurs on the 
trailing CLK edge. A trailing edge of CLK should occur during the interval from ACX high to ALE low. 

2. If ALE rises before ACX and a refresh request is present, the falling edge of CLK after tCL-AEH will output the refresh address 
to MAO-MA7 and initiate a refresh cycle. 

3. These specifications relate to system timing and do not directly reflect device performance. 

4. On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 
ACX low. If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK high transition that causes RAS 
low. If ACX occurs 20 ns or more after ALE then CAS is timed from the CLK low transition following the CLK high transition 
causing RAS low. 

5. For maximum speed access (internal delays on both access and access grant cycles), ACX should occur prior to or coincident 
with ALE. 

6. th(RA) is the dynamic memory row address hold time. ACX should follow ALE by tagL_-cEL in systems where the required 
th(RA) is greater than treL-MAX Minimum. 

7. The minimum of 20 ns is specified to ensure arbitration will occur on falling CLK edge, tacH-cL also affects precharge time 
such that the minimum tacH-c_ should be equal or greater than: ty,{RH) — tw(CL) + 30 ns (for a cycle where ACX high 
occurs prior to ALE high) where tw (RH) is the DRAM RAS precharge time. 

8. This parameter is necessary only if refresh arbitration is to occur on this low-going CLK edge (in systems where refresh is 
synchronized to external events). 


9. The specification tw(ACL) is designed to allow a CAS pulse. This assures normal operation of the device in testing and system 
operation. 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 


TEST TMS4500A-15 | TMS4500A-20 | TMS4500A-25 
PARAMETER UNIT 
CONDITIONS | MIN MAX | 


Time delay, ALE low to 
RAS starting low 


Ww 
oOo 


2) 
- 
ll 
a" 
a 
eo) 
Ro) 
= 
£ 
o1 


a 
oO 


tAEL-REL 


Time delay, row address valid to 


t s 
RAV-MAV memory address valid 


Time delay, ALE high to 


” 
seed 
| MIN MAX _| oO 
=} 
n°] 
o 
den 
ae pa 
jet 
i 
t rE ; 7 
AEH-MAV valid memory address = 
Time delay, ALE to RDY starting @ 
t : C; = 40 pF 40 
Time delay, ALE low to CAS po 
TAEL-CEL 70 200 80 250 i) 
starting low (see Note 10) Ss 
; Time delay, ALE high to RAS 30 46 
"AEH-REH  ctarting high a 
TACLMAX Row address valid after ACX low Dae ee eee 2 
; Time delay, memory. address rT) 
MAV-CEL Valid to CAS starting low => 
Time delay, ACX low to CAS a 
tACL-CEL fae 40 100 | 45 130 rT) 
starting low (see Note 10) J 
Time delay, ACX to RAS > 
t f 30 40 
eke x starting high a ae ae 
: Time delay, ACX high to CAS 5 30 10 40 
ACH-CEH starting high 7 


Column address valid after 


OEE TOR igh Pe 3 
- Time delay, CLK high to RDY starting : 40 45 
CH-RYH high (after ACX low) (see Note 11) 

Time delay, REFREO external till | 
tReL- aes = 30 35 35 
RFL-RFL supported by REFREQ internal _ ieee Pe Merce gobs A | 
, Time delay, CLK high till REFREQ 30 35 
CH-RFL internal starting low 
é Time delay, CLK low till refresh 45 100 125 
ee address valid 


Time delay, CLK high till 


tCH-RRL os te : 10 50 15 60 20 80 
refresh RAS starting low 
valid till refresh RAS low 
starting high (3 cycle refresh) 


: Time delay, CLK high to REFREO ae 
CH-RFH starting high (4 cycle refresh) 
RAS starting high 


tCH-MAX Refresh address valid after CLK high 


NOTES: 10. The falling edge of CAS occurs when both ALE low to CAS low time delay (tageL-cEL) and ACX low to CAS low time delay 
(tacL-CEL) have elapsed, i.e., if ACX goes low prior to (taeL-CEL — tACL-CEL) after the falling edge of ALE, the falling 
edge of CAS is measured from the falling edge of ALE (tag_-ce_). Otherwise, the access time increases and the falling 
edge of CAS is measured from the falling edge of ACX (tac.-cEL)- 

11. RDY returns high on the rising edge of CLK. If TWST =O, then on an access grant cycle RDY goes high on the same edge 
that causes access RAS low. If TWST = 1, then RDY goes to the high level on the first rising CLK edge after ACX goes low 
on access cycles and on the next rising edge after the edge that causes access RAS low on access grant cycles (assuming 
ACX low). 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) (continued) 


PARAMETER 


Time delay, CLK high till access 
RAS starting low 

Time delay, CLK low to access 
CAS starting low (see Note 12) 
tCL-MAX Row address valid after CLK low 


tCH-REL 


tCL-CEL 


tREL-MAX Row address valid after RAS low 
tAEH-MAX Column address valid after ALE high 
tdis Output disable time (3-state outputs) 
Output enable time (3-state outputs) 
Time delay, column address valid to 
CAS starting low after refresh 
Time delay, CLK high to access 


tC: 
CH-CEL CAS starting low (see Note 12) 


tACL-CL ACX low to CLK starting low 


tACL-RYH ACX low to RDY starting high Cy = 40 pF 
tCL-ACL CLK low to ACX starting low Ci = 
tt(CEL) CAS fall time CL = 320 pF 


tt(CEH) CAS rise time 


tt(REL) RAS fall time 
RAS rise time 
Address transition time 
RDY fall time 

tt(RYH) RDY rise time 


> s}Onpold juowebeueyy A1Ows|jj ISTA 


NOTE 12: On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low 
to ACX low. If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK high transition that causes RAS 
low. If ACX occurs 20 ns or more after ALE then CAS is timed from the CLK low transition following the CLK high transition 
causing RAS low. (See Refresh Cycle Timing Diagram) 


PARAMETER MEASUREMENT INFORMATION 


VGe 
OUTPUT ps Meee 
UNDER TEST 
24002 2. C_ = 160 pF 


FIGURE 1 — LOAD CIRCUIT 
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access cycle timing 


tCL-AEL 
tAEL-CL 
ALE 


| 
tAV-AEL tAEL-AX 
ROW eS 


mt XXX XK KH XEN KE RIEKKRIIEN 


COL CS 
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tAEL-ACL tACL-CH eee —tachci—s 
ME’ = NA NANN NAN WILLLLLLLL/ 
tAEL-REL eae Be tACH-REH ae 

aks tAEH-REH 

ke tabaahy oo > tACL-MAX ewes tACH-MAX 

noma: SRXKXKKKLKY _rowaconess XH cortmrasoness KX XXKXKXE 
, ae (MAV-CEL <i pa Gan tt(CEH) 
CAS tREL-MAX 
le—— tacL-cEL 

RDY 


raat-ci fe —> 
REFREQ ; 
(EXTERNAL) : / \ CH-RFL 
mci tw(ROL 
REFREQ mIGOLt | 
(INTERNAL) je tREL-RFL 
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ready timing (ACX during CLK high) (see notes 13 thru 16) 


~ s}onpoig }uewebeuey AioweW ISTA 


RDY 


| 
J— tact.c.—>} 
ACX 
tAEL-RYL— e- (o— Py 'ACL-RYH 
* | / 


RDY starting high is timed from ACX low (tacL-RYH) for the condition ACX going low while CLK high. 


ready timing (ACX during CLK low) (see notes 13 thru 16) 


: | 
eer t “t 
i k CH-RYH | ag 
RDY \ y 


RDY starting high is timed from CLK high (tcH-RyH) for the condition ACX going low while CLK low. 


NOTES: 


t3. 


14. 
1S: 
16. 


For RDY high transition (during normal access) to be timed from the rising edge of CLK, ACX must occur tc_-_ac_ after 
the falling edge of CLK. 

For ACX prior to the falling edge of CLK by tact-ci, the RDY high transition will be tacL-RYH- 

tACL-CL is a limiting parameter for control of RDY to be dependent upon ACX low. 

During the interval for tact-cL < MINIMUM to tc_t-ac.t > MINIMUM, the control of RDY may vary between the rising 


clock edge or falling edge of ACX. 


output 3-state timing 


ACR-ACW \ } 


OUTPUTS 


VaVaVala AVAVaVaAVaVaAVarTATATATAVATATAVAY, 6 AVS VSS VVLA/S VY VS VY 
OOOO is YY 


es 
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refresh cycle timing (three-cycle) 


| 


> 
ae 
m 
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i] 
REFREO Y, 
MAO-MA7 REFRESH ADDRESS ROW ADDRESS 


le tMAV-RRL tCL-CEL sidan 


refresh cycle timing (four-cycle) 


| 

REFREO | | | | 
| i 
| 


MAO0-MA7 


}e———>} mav-rec | | tct-ce.*+¢——} 
CAS | ~~ 
le— tence 


t On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK high transition (tCH-CEL) if ACX low 
occurs prior to or coincident with the falling edge of ALE. 

+ On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK low transition (tc_-CEL) if ACX low occurs 
20 ns or more after the falling edge of ALE. . 
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typical access/refresh/access cycle 
(three-cycle, TWST is low) 


~ sjonpoig }uswebeue-: AioweW IS TA 


“” 
” 
uJ 
OSI 
oO 
< 
oe 
ise] 
e 
= 
con 
© 
2] 
Cd ) ed 
uu 
oS on 
ies 
Ps 
4) 
y-— 
c 
a 
ee od 
ae 
— 
~ 
” 
rf 
Se 
oO 
a § 


CLK 
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typical access/refresh/access cycle 
(four-cycle, TWST is low) 


REFRESH/ACCESS GRANT 


r 
= 
=) 
a 
fe) 
ce) 


ACCESS 


CLK 
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typical access/refresh/access cycle 
(three-cycle, TWST is high) 


s sjonpoig Juewebeuepy Aiowsl ISTA 


a) 
2 
2 
N 3 
ke (2) 
* O 
- 
io 
5 Ue 
on 
Ww 
oO 
CQ eee 
< 
=c WN 
is 
ra 
ce 
eee 
oa 
ok 
= 
tad 
9 8 By (oc teae e | ae 
2) 
2 
= 
fo 3 
i 8 
0 ———. 
oO 
<a 
= 


* q <q ~ 
Oo = cc O 2 


Ss 
S 
REFREQ 
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typical access/refresh/access cycle 
(four-cycle, TWST is high) 
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D3020, JUNE 1987—REVISED APRIL 1988 


Detects Present Row Equal to Last Row DW OR N PACKAGE 
Address (TOP VIEW) 


@ High-Performance Compare: 
"ALS6310 CLK to HSA = 18 ns 
‘ALS6311 Address to HSA = 14 ns 


@ Compatible with 16K to 1M DRAMs 


@ Easily interfaced with Microprocessor and 
Memory Timing Controller 


@ Dependable Texas Instruments Quality and 


Reliability 
description 

FN PACKAGE 
The ‘ALS6310 and ‘ALS6311 are high- (TOP VIEW) 
performance address comparators designed for > 
implementing static column and page-mode woe O¢ 
access cycles. z oes = = 
When interfaced with the memory timing 20 15 


controller, these devices will detect if the present A11)4 18] HSA 
row being accessed is the same as the last row A215 17] B3 
accessed. This is the fundamental requirement A3f16 , 16[] B2 
for implementing static column decode or page- A4t)7 15{] B1 
mode access cycles. A5{)8 14[] BO 
The ‘ALS6310 features two 14-bit registers and 
a high-speed address comparator. The first oQOnN AOD 

: P qiI2aqaqqd 
register is used to save the present row address rG) 


while the second register is used to save the 

previous row address. On the high-to-low transition of CLK, the first register loads the new row address 
present on AO-AQ. At the same time, the second register loads the address previously saved in the first 
register. The two row addresses are then compared. The High-Speed Access outputs (HSA and HSA) will 
signal if the two addresses are equal. 


The BO-B1 inputs are provided to monitor access cycles to different banks of memory. When used in 
conjunction with the ‘ALS2968 and ‘ALS6302 series DRAM controllers, the ’ALS6310 and ‘ALS6311 
can monitor up to 16 banks of memory. The CLK input on the ‘ALS6310 can typically be interfaced with 
the micreprocessor’s Address Latch Enable (ALE) or Address Strobe (AS) outputs. This configuration 
simplifies the memory timing controller interface. Refer to the typical application diagram for further 
information. 


The ‘ALS6311 features one 14-bit register feeding a high-speed address comparator. This architecture 
offers a faster address match time, but does require the memory timing controller to generate the CLK 
input. Typically, the 14-bit register would only be updated if there was a change in row or bank address. 
Refer to the application diagram for further information. 


More information on static column DRAM access can be found in the Texas Instruments application report 
System Solutions for Static Column Decode. 


The SN74ALS6310 and SN74ALS6311 are characterized for operation from O°C to 70°C. 
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FUNCTION TABLE (’ALS6310) FUNCTION TABLE (’ALS6311) 


INPUTS OUTPUTS 
CLKEN CLK AO-A9 BO-B3| HSA HSA 


7 INPUTS OUTPUTS 
CLKEN CLK AO-A9 B0-B3| HSA HSA | 
H t  P=Q P=0 


P=Q P#Q0 


H 


HSAg HSAg 


HSAgtHSAg! 


logic symbols 


‘ALS6310 ‘ALS6311 
CLKEN CLKEN 
CLK CLK 

” AO 

Al Al Z2/16D 

A2 A2 

A3 A3 

A4 A4 

A5 AS 

A6 AG 

A7 

A8 A7 

AQ A8 

BO A9 

B1 BO 

B2 B1 

B3 B2 


T Only if AO-A9 and BO-B3 inputs do not change from the time HSA 
and HSA were detected. 
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logic diagrams (positive logic) 


‘ALS6310 


PRESENT ADDRESS 
REGISTER 


PREVIOUS ADDRESS 
REGISTER 


10 
Ao-AS| »> {2D 2D HSA 
4X 
[BANK] 
Bo-B3{[ >  |2D >» }2D HSA 


‘ALS6311 


PREVIOUS ADDRESS 
REGISTER 


CLKEN 
CLK 


10X 
10 [ROW] 10 
AO-A9 ae. 2D yf HSA 
[BANK] 
BO-B3 > | 2D Rabe eS aS HSA 
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absolute maximum ratings over operating free-air temperature range 


Sa UO MUNG CUES Oa 7a). . focal el ase kes le 0 sha eps neta ened SE las ante aks 7V 
BRYUSUTE IMO ce es ce aS 3G a earn ee oes S. Sov tee Thain ac Meador ey ote hae ad a Bey a tht 7V 
Onerating soG-alr temperature TANG. oe ae is ba ee sae ees O°C to: 70°C 
SIOVANS TOMDOFALUG TAO 3-5 Ser cs 6S le eee es eb aG eeee —65°C to 150°C 


recommended operating conditions 


SN74ALS6310 
SN74ALS6311 UNIT 


V 
V 
mA 


tw Pulse duration, CLK high or low 


AO-A9 or BO-B3 
CLKEN high or low 
AO-AQ or BO-B3 
CLKEN 

AO-AQ9 or BO-B3 
CLKEN 


TA Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


tsy Setup time before CLKT (‘ALS6311) 
th Hold time after CLK! (‘ALS6310) 


th Hold time after CLKT (‘ALS6311) 


tou’. Setup time before CLIC-(ALS6910)- tee 
ee em sar CLKEN high or low we AS ee 


ee 
PARAMETER TEST CONDITIONS SN74ALS6311 UNIT 
Voc = 4.8 V. i= —18 mA eS RES 8 
Von Vec = 4.5Vto5.5V, lon = -0.4mA 
Vec = 4.5 V, lon = —2.6 mA Ga ae 
Voc = 4.5V, io. = 12 mA Soe 
Pee S6V, ig eae pe pe OR | 
a ee Vi=7V Roe Ot pom 
Mo eee eee Pipe ev eT eee ee 
Voc = 5.5V, Vi = 0.4V Pes ees ae ae 
lo* Vcc = 5.5 V, Vo = 2.25 V p=300-112 | mA__ 
‘ALS6310 
oat 


TAI typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 
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‘ALS6310 switching characteristics (see Note 1) 


Vec = 5V. Vcc = 4.5 V to 5.5 V, 
PARAMETER pice = Mi ore a : eon 
L= , L= , 
(INPUT) saath 
Ta = ae Ta = 0°C to 70°C 
. Mi 


a 
peo RIES cae 
a 
egos he aoe 


"ALS6311 switching characteristics (see Note 1) 


Vec = 5V, Vec = 4.5 V to 5.5 V, 
PARAMETER neti ng é sg = 3 oie n 
(INPUT) Basin L d L . 
= 0°C to 70°C 


CLKt 


cLKt Bf 


PLH AO-AQ or BO-B3 
tPHL 

_ 
tPHL 


NOTE 1: Load circuit and voltage waveforms are shown in Section 1 of The LS/ Logic Data Book. 


ADVANCE INFORMATION ~ VLSI Memory Management Products 


EXAS 4 on 
INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


$972SZ2 SVX31L ‘SV1IVO * ZLO0SS9 XO 3914540 1SOd 


CEC-L 


SINANWNALSN 


dip SYXAL 


sjonpoig }uewebeuey Aiowey iSTA Fe NOLIVWINYO-ANI JONVAGY 


DRAM 
CONTROLLER 


SN74ALS6301 DYNAMIC RAM 


BANK 0 
1MEG X 32 BITS 


TIMING (32) TMS4C1027 
REFRESH CONTROLLER 
TIMER (PROGRAMMED 
SN74ALS6300 TIBPSG507) 


REFRESH 4 
RATE SO-S3. REFREO 
SELECT Dia 
4 RST 
SYSTEM ae: 
F 
CLOCK Bre 
BANK 1 
1MEG X 32 BITS 
ee. (32) TMS4C1027 
SYS RST 
osc 
10/M(A22) ie 
R/W ig 
AS 
STATIC COLUMN 
‘ALS6310 | DETECT 
ONLY |! SN74ALS6310/6311 iN, BANK 2 
WwW 1MEG X 32 BITS 
CLKOUT (32) TMS4C1027 
A10-A19 10 
‘ALS6311 ONLY vig 


ROW =i BANK 3 
A10-A19 ® 1MEG X 32 BITS 
COLUMN 2 (32) TMS4C1027 

AO0-A9 
A20 


A21 E " 


A} 32 @ 32 


DOe@eeD31 Q0eeeQ31 


VLVG NOILVOMddV IWOIdAL 


LLESSTVPLNS ‘OLESSTVYZNS 


SYOL93190 S$IIIV JGOW-INVd GNV NWN109 JILVLS 


SN74ALS6310, SN74ALS6311 
STATIC COLUMN AND PAGE-MODE ACCESS DETECTORS 


TYPICAL APPLICATION DATA 


‘ALS6310/’ALS6311 WORD LENGTH EXPANSION 


‘ALS6310/’ALS6311 


CLKEN 
CLK 


TIBPAD16N8-7 


HSA 
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SN74BCT2827A, SN74BCT2828A 
10-BIT BUS/MOS MEMORY DRIVERS WITH 3-STATE OUTPUTS 


D2977, APRIL 1987—REVISED APRIL 1988 


@ BiCMOS Design Substantially Reduces 
Standby Current 


@ 25-0 Series Resistors at Outputs 
Significantly Reduce Overshoot and 
Undershoot 


Specifically Designed to Drive MOS DRAMs 
3-State Outputs 


Data Flow-Thru Pinout (All Inputs on 
Opposite Side from Outputs) 


Power-Up High-Impedance State 


Package Options Include Plastic ‘Small 
Outline’’ Packages, Plastic Chip Carriers, 
and Standard Plastic DIPs 


description 


These 10-bit buffers and bus drivers are 
specifically designed to drive the capacitive input 
characteristics of MOS DRAMs. They provide 
high-performance bus interface for wide data 
paths or buses carrying parity. 


The three-state control gate is a 2-input positive 
NOR gate so if either G1 or G2 is high, all 10 
outputs are in the high-impedance state. 


The SN74BCT2827A provides true data and the 
SN74BCT2828A provides inverted data at the 
outputs. 


These devices are characterized for operation 
from O0°C to 70°C. 


NC—No internal connection 


ADVANCE INFORMATION documents contain 


information on new products in the — or j 
bata roduction passa devel are sap rege ha 
without notice. IN STRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


DW OR NT PACKAGE 
(TOP VIEW) 


FN PACKAGE 
(TOP VIEW) 


ADVANCE INFORMATION js VLSI Memory Management Products 


Copyright © 1987, Texas Instruments Incorporated 


7-235 


SN74BCT2827A, SN74BCT2828A 
10-BIT BUSIMOS MEMORY DRIVERS WITH 3-STATE OUTPUTS 


logic symbolst 
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(6) 


(8) 


AQ (10) 


A10 (11) 


SN74BCT2827A 


logic diagrams (positive logic) 


SN74BCT2827A 


> 
>. 


(23) 


(22) 


(21) 


(20) 


(19) 


(18) 


(17) 


(16) 


(15) 


(14) 


tTThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


G1 (1) 

G2 (13) 
Y1 A (2) 
vie a2 £3) 
Y3 a3 
Y4 A4 (5) 
Y5 as 18) 
Y6 ag 12) 
V7 a7 18) 
Y8 ag 12) 
Y9 Ag 112) 
Y10 ai0 


Pin numbers shown are for DW and NT packages. 
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SN74BCT2828A 


SN74BCT2828A 


(23) |, 


(22) \, 


(21) Y3 


(20) V, 


(19) Y5 


(18) Y6 


(17) Y7 


(16) Y8 


(15) Y9 


(14) ¥10 


SN74BCT2827A 
10-BIT BUS/MOS MEMORY DRIVERS WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RSE EGE MO ain fae so Ac oe as eee OR a ee ie eT ES rele Pa ee tM 
MR VON Oar yaa. 6 65 bass see ae a Pa ne ES coi mins GW ae eee CONS, Re re 5.5 V 
Voltage applied tos disabled S-state output... 3 srs. ik FS POSES OPES ES BEES 5:5 -¥ 
Operating free-air temperature range: .2 2b. a a PENG BIRO RE O°C:to: 70°C 
SUpl alo TeIMOSCatUTe JONGE |. inc on he ches ee ke Bae aes nw See, SEE - 65°C to 150°C 


recommended operating conditions 
Rie ee, eee oe 7 ee 
Veg eae wie, ee ee 
Me eb navies ee ee fe 
Vy ieewalhnringe eg ee eee 
oe ameter ee ee 
low SORE aay. 
: 


| MIN NOM MAX | UNIT | 


Vv 
Vv 


oe 
es 
| mA 
| mA 
pees 


Low-level output current 
TA Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


6) °C 


Veo = 48 V. owen ee 
Veo =a.SV A BEV. log = = LA 
Sry? i, = 12 mA 
a ig ie eee Vo = 2.7V PET BESTS 
voc SBE, Vo = 0.4V 
Vo = 4.5V, Vo = 2 80 oe 
Pe ign ee Vo=2V ge Sa: SS 
Seto eee ee ed 
PA i ce eee ee ge Tee 
Veo = 5.5, v= 0.4 V ee 
Voc = 5.5 V. Vo = 2.25V | -300 = 112 | mA __ 
Voce BBY. Outputs open 
ven ES, Outputs open ema cer 7 se 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics (see Figure 1) 


Vcc = 5V. Vcc = 4.5 V to 5.5 V, 
Cy = 50 pF, Cy = 50 pF, 

R1 = 500 0, R1 = 500 Q, 

R2 = 500 0, R2 = 500 0, 

Ta = 25°C, Ta = MIN to MAX 


TEXAS ti 
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SN74BCT2828A 
10-BIT BUFFERS BUS/MOS MEMORY DRIVERS WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


STUIEV WON GINGs SMC 65 oi, sake ne ck ss oles po a oa ¥ 0s Oe oe ee ee Ons eae 7V 
PPAR RRR ROC as, has x 5 a. yer PR mh kdb ete as ables» Wee + 1m ao, Weed ete ee aE sek” o5.V 
Voltage: applied 16:6 disabled. 3-tate output)... . ok ous Cea TR as 5.5 V 
Opérating free-air temperature range i... a Se SRN ea 0°C to 70°C 
DIOLGGS TOMIDOTAIETE FANS 2. ban cece oben see Way bie. Uc el ee I ~-65°C to: 150°C 


recommended operating conditions 


Vcc Supply voltage 

ViH High-level input voltage 
Vv 
IOH High-level output current 

lOL Low-level output current 

Ck Operating free-air temperature 


L Low-level input voltage 


TEST CONDITIONS 


PARAMETER MIN TYPt MAX 


Fe RE SS 

eee I ee ee ee 
Vec = 4.5 V, lor = 1mA Pee SOIR: 0.8. 

“Ay Vou.24.5 V, lol = 12 mA 
ag hig ey Vo=27V 
Pe ote Fee eee 
oy eee | ee ee ee 
ari Sl eee ee ee 
be an Vinca Seaman Wa 7V i AEC 
Pattie ee ee VE 27V ep 
a oe ee ee oe 
Voc = 5.5 V, Vo = 2.25 V Pen 2 Satie | 
Vcc = 5.5 V, Outputs open 
Voc = 6.8. Supa opent | ae | 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The output conditions have been chosen to produce a Curent that closely approximates one half of the true short-circuit output current, los 


switching characteristics (see Figure 1) 


Voc = SV. 
Ci = 50 pF, 
PARAMETER FROM TO R1 = 500 Q, 
(INPUT) (OUTPUT) R2 = 500 0, 
Ta = 25°C, 
MIN TYP MAX 


Se eee ee Tee 

a ek ee ee ee 

So | As Al ATA: HORNE Ee 2 SEAS REA 
Ro ie a 
Pe eee oe ema 


Voc = 4.5 V to 5.5 V, 
Cy = 50 pF, 
R1 = 500 0, 
R2 = 500 Q, 
Ta = MIN to MAX 


a 
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SN74BCT2827A, SN74BCT2828A 
10-BIT BUS/MOS MEMORY DRIVERS WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


7V 
L Ry = R1 = R2 
ae SWITCH POSITION TABLE 
R1 
FROM OUTPUT TEST 
UNDER TEST POINT Closed 
CL R2 Open 
(See Note A) Closed 
LOAD CIRCUIT = 
“tae | 
TIMING Soy HIGH-LEVEL "i 
INPUT 1.5V PULSE { a PAs ome eg 
ge eats it at aes ik eo ae Ov ' ) OV 
y t e—— tw —e 
gh eat ¢— tw —? 3V 
DATA =: Sok Bess LOW-LEVEL ney 4:6 0 
1.5 V TSV 
INPUT a PULSE f “Ce 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES : PULSE DURATIONS 
—————3Vv 
INPUT SV 1.5V OUTPUT 


| l Ov CONTROL 


Vv 
| OL 
tPHL ++ ¢——+- tPLH WAVEFORM 1 
| | V See Note B) 
OUT-OF-PHASE eu fey te giz 
OUTPUT Ca = Veg 
VOLTAGE WAVEFORMS WAVEFORM 2 
PROPAGATION DELAY TIMES (See Note B) 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


NOTES: A. Cy includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal condition such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by the generators having the following characteristics: PRR < 10 MHz, Zo = 500, t, = 2.5 ns, 
t; 3.2.5 Tes. 
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FIGURE 1. SWITCHING CHARACTERISTICS 
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SN74BCT29827A, SN74BCT29828A 
10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 


@ BiCMOS Design Substantially Reduces 
Standby Current 


@ Functionally Equivalent to AM29827, 
AM29828, SN74ALS29827, and 
SN74ALS29828 


@ 3-State Outputs Drive Bus Lines or Buffer 
Memory Address Registers 


P-N-P inputs Reduce DC Loading 


Data Flow-Thru Pinout (All Inputs on 
Opposite Side from Outputs) 


Power-Up High-impedance State 


Package Options Include Plastic Chip 
Carriers, in Addition to Plastic and Ceramic 
DIPs 


@ BiCMOS Process with TTL Inputs and 
Outputs 


@ Dependable Texas Instruments Quality and 
Reliability 


description 


These 10-bit buffers and bus drivers provide 
high-performance bus interface for wide data 
paths or buses carrying parity. 
The 3-state control gate is a 2-input positive 
NOR gate so if either G1 or G2 is high, all 10 
outputs are in the high-impedance state. The 
outputs are also in the high-impedance state 
during power-up and power-down conditions. 
The outputs remain in the high-impedance state 
while the device is powered-down. 


The SN74BCT29827A provides true data and 
the SN74BCT29828A provides inverted data at 
the outputs. 


The SN74BCT29827A and SN74BCT29828A 
are characterized for operation from O°C to 


70°C. 
PRODUCTION DATA documents contain information ° 
current as of publication date. Products conform to i] 
specifications per the terms of Texas Instruments TEXAS 


secasearily inchade testing of a paremeters. INSTRUMENTS 


D2977, APRIL 1987—REVISED MAY 1988 


DW OR NT PACKAGE 
(TOP VIEW) 


FN PACKAGE 
(TOP VIEW) 
Nive = ©) 6 
qqjo2>>> 
21 
A3 {J 5 25[1 Y3 
A41}6 24f, Y4 
A5{J7 23[} Y5 
NC {)8 22[} NC 
A6{}9 21[] Y6 
A7 {J 10 20, }, Y7 


A8 19[] Y8 
12 


ie 
oO 
< 


NC—No internal connection 
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SN74BCT29827A, SN74BCT29828A 
10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 


logic symbolst 
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(8) 


(9) 


9 (10) 


A10 (11) 


SN74BCT29827A 


logic diagrams (positive logic) 


SN74BCT29827A 


me 


Y1 


(22) Y2 
(21) Y3 


Y4 


Y6 


(16) yg 


(23) 


(22) 


(21) 


(20) 


(19) 


(18) 


(17) 


(16) 


(15) 


(14) 


Y9 
Y10 


Y1 


Y2 


Y3 


Y4 


Ys 


Y6 


Y7 


Y8 


v9 


y10 


Pin numbers shown are for DW and NT packages. 


SN74BCT29828A 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


SN74BCT29828A 

re es Ze 

G2 (13) A 
aa kel >e (23) 
49) > (22) 
ng {4 ->o- (21) ) 
ag £8) ~>o- (20) 
as £6) > (19) 
eee) Pee (18) ) 
a7 £8) > ages 
ag £2! pu (16) Ve. 
ag £10) en (15) V, 


PORES ee a5 
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SN74BCT29827A 
10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


EDLY VieteNe VOC oie ss ae ee ae eae ieee a se 6 0S DE LOE BOERS oe rm; 
Input voulsas Tal inouts.and 1/O porte). > 5 ane st. ha ee See ce eee aie 5.5 V 
Operating free-air temperature range............ Wer te a Pie ee O°C. to: 70°%E 
BIOL ce IT OLU eS FANOG ©... i ek pe ewe ck ne RD ee OR eS -65°C to 150°C 


recommended operating conditions 


eee ee 
Biel» alka. Tero as ee mame ae eee Bee ESS 8 
Be Se ecg ies SR em mmine Re Se ee 
Yi, Low tevel np woage 
SeKig ated teal) 
ee eee 


High-level output current 
Low-level output current 
Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature (unless otherwise noted) 


PARAMETER TEST coe en MIN TYP* MAX | UNIT 


_ VLSI Memory Management Products 


ee Veo = MIN, ~18 mA eae O72 Re 
22 meeren ecg ed 
OE: 2 a REI URE ae 
ee eee Veo = MIN, Io, = 48 mA To ose oe ee 
Pe gee Vee = MAX, Vo = 2.7V eT ee 
Voc = MAK Ng BY pee ee 
eis cera “Vee = MAX, Vj = 8.5V ee he 
| Yop Mac VERE A a eee 
et Veo = MAX, v= 0.8 V aS Sze, 
eS EX EST 
DESL CARN AERC EN SN Tr AE ME A 
mA 


T For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed 1 second. 


switching characteristics 


Vcc = 5V Vcc = 4.5 V to 5.5 V, 
Cy = 50 pF, Cy = 50 pF, 
PARAMETER FROM R1 = 500 0, R1 = 500 0, 
(INPUT) aoe R2 = 500 2, R2 = 500 0, 
Ta = i Ta = MIN to MAX 


= 
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SN74BCT29828A 
10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


ODO SVOMEIO Iti a oe 4: cla see las wile less ogo vals a SARS Iai oleh lal gd Pa aa: AEE AAe 


input: vorege tal-innute-and.1/O. perme. wi. ds oe ce Rae ER ees 5.5 V 
Operating tree-git- temperature rangeesis. wie ee OER PRA Oe Ors te 70°C 
RCURGO COTIGOT BCG TENOG 2 ooo ie oe Mor a he hin a cola: al wishes ae SEN De ee —65°C to 150°C 


recommended operating conditions 


SiMe edttteos Ua sc8 See es Meese amen RO AE 


a ae ee ee on Me Eee. une Te Oe ae 
Sr oo En Senses 2 SS 
ios iMiehievelcGiutamept == pe eas] a | 
0 70 
electrical characteristics over recommended operating free-air temperature (unless otherwise noted) 
Veg = MIN, = 18 mA V 
lon = —24mA 

Veo = MIN, Io, = 48 mA 
Vec = MAX, Vo = 2.7V 
Vec = MAX, Vo = 0.4V 
Eo aes Voc = MAX, Vi = 5.5V 
se i ee ae Se one tm pA | 
Voc = MAX, Vi = 0.4V [ma] 
i it ee A eG ON eae 
Vec = MAX, Outputs open 
Vec = MAX, Outputs open | mA | 


T For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed 1 second. 


switching characteristics 


Vec = 5V Vcc = 4.5 V to 5.5 V, 
Cy, = 50 pF, Cy, = 50 pF, 
PARAMETER FROM TO R1 = 500 0, R1 = 500 Q, 
(INPUT) (OUTPUT) R2 = 500 0, R2 = 500 2, 
Ta = 25°C Ta = MIN to MAX 


See eee 
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SN74BCT29827A, SN74BCT29828A 
10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


~ VLSI Memory Management Products 


7V 
& Ri = Ri = R2 SWITCH POSITION TABLE 
$1 
Open 
R1 Open 
Open 
FROM OUTPUT TEST Closed 
UNDER TEST POINT Open 
CL R2 Closed 
(See Note A) 
LOAD CIRCUIT 
TIMING 3 V HIGH-LEVEL -----—3V 
INPUT 1.5 V PULSE 15V 1.5V% 
ie ae SRC ee ee Ov ' | OV 
e- th ae— tw —? 
ry aa ges 
DATA 1.5V R15 V LOW-LEVEL L15V: 15Ve 
INPUT ov PULSE ROS ge. 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
———— — 3V 
INPUT 1.5V 1.5V OUTPUT 
Ov CONTROL 
‘PLH-}¢—> apps ha 
IN-PHASE | ! t—-— Von 
OUTPUT, bet. 1.5V 
i | VOL 
eh ¢+——+- tPLH WAVEFORM 1 
| 
OUT-OF-PHASE eee is ON (See Note B) 
OUTPUT fp Vo 
ee 
VOLTAGE WAVEFORMS WAVEFORM 2 
PROPAGATION DELAY TIMES (See Note B) 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


NOTES: A.C, includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 502, t, < 2.5 ns, 
Tf S203 08: 
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| SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM 


JUNE 1985 — REVISED FEBRUARY 1988 


MIL-STD-883C High-Reliability Processed JD PACKAGE 
and —55°C to 100°C (S Designator) (TOP VIEW) 
Temperature Range, 20-Pin 300-Mil Ceramic 
Sidebrazed Package 


@ Dual Accessibility — One Port Sequential 
Access, One Port Random Access 


@ Four Cascaded 64-Bit Serial Shift Registers 
for Sequential Access Applications 


@ Designed for both Video and Non-Video 
Applications 


@ Fast Serial Port . . . Can Be Configured for 
Video Data Rates in Excess of 150 MHz 


@ TR/OE as Output Enable Allows Direct 
Connection of D, Q, and Address Lines to 
Simplify System Design 


@ Random-Access Port Looks Exactly Like a 


SMJ4164 
Address Inputs 
@ Separate Serial In and Serial Out to Allow Column-Address Strobe 
Simultaneous Shift In and Out Random-Access Data In 


Random-Access Data Out 


| st ae 
65,536 Organization Row-Address Strobe 


Supported by TI’s Video System Controller Serial Data Clock 
(VSC) Serial Data In 
: ‘ were Serial Output Enable 
@® Maximum Access Time from RAS Less 
; Serial Data Out 
Than 150 ns ; 
Register Transfer/OQ Output Enable 

@ Minimum Cycle Time (Read or Write) Less 5-V Supply 

Than 240 ns Ground 


Long Refresh Period .. . 4 ms Write Enable 


Low Refresh Overhead Time . . . As Low As 
1.7% of Total Refresh Period 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


Military Products - 


@ 3-State Unlatched Outputs for Both Random 
and Serial Access 


@® Common I/O Capability with Early Write 
Feature 


Page-Mode Operation for Faster Access 


Low Power Dissipation (SMJ4161-15) 
— Operating . . . 250 mW (Typical) 
— Standby. . . 80 mW (Typical) 


@® New SMOS (Scaled-MOS) N-Channel 
Technology 


@ SOE Simplifies Multiplexing of Serial Data 
Streams 


PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM 


(po aR ROMNEY TE BE ay Se AD RIN REESE TE RES RR RETO OS 2A REE UREA ES 6 RIE ED OT ES DEL TT RANE EE SS SATE TTL EAS AMEN SRE ION 
description 


The SMJ4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random- 
access port makes the memory look like it is organized as 65,536 words of one bit each, like the SMJ4164. 
The sequential access port is interfaced to an internal 256-bit dynamic shift register organized as four 
cascaded 64-bit shift registers which makes the memory look like it is organized as up to 256 words of 
up to 256 bits each which are accessed serially. One, two, three, or four 64-bit shift registers can be 
sequentially read out after a transfer cycle, depending on a two-bit code applied to the two most significant 
column address inputs. The SMJ4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel double- 
level polysilicon gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4161 features full asynchronous dual access capability except when transferring data between 
the shift register and the memory array. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 
Note that the transfer of a row of data from the memory array to the shift register also refreshes that row. 


All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address lines and data 
in are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4161 is offered in a 20-pin ceramic dual-in-line package. It is guaranteed for operation from 
TA = —55°CtoTc = 100°C. The dual-in-line package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers. 


random access address space to sequential address space mapping 


The SMJ4161 is designed with each row divided into four, 64-column sections (see functional block 
diagram). The first column section to be shifted out is selected by the two most significant column address 
bits. If the two bits represent binary OO, then one to four registers can be shifted out in order. If the two 
bits represent binary 01, then only 1 to 3 (the most significant) registers can be shifted out in order. If 
the two bits represent binary 10, then one to two of the most significant registers can be shifted out in 
order. Finally, if the two bits represent 11, only the most significant registers can be shifted out. All registers 
are shifted out with the least significant bit (bit O) first and the most significant bit (bit 63) last. Note that 
if the two column address bits equal OO during the last register transfer cycle (TR/QE at logic level O as 
RAS falls) a total of 256 bits can be sequentially read out. 
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SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM 


functional block diagram 


TIMING & CONTROL 


o 


DUMMY CELLS 


(1/2) MEMORY ARRAY 


(1/2) 4 OF 256 COLUMN DECODE 


256 SENSE REFRESH Lites Sects 
AMPLIFIERS Piss 
Bom ko eo] 


(1/2) 4 OF 256 COLUMN DECODE 


(1/2) MEMORY ARRAY 


1 OF 4 
SELECTOR 


DUMMY CELLS 


SIN ee. 
SCLK Hee orale REGISTER | REGISTER | REGISTER | REGISTER : 
00 01 10 "1 
Hae, COLUMN 192 
& 
: 1 OF 4 Be’ SOUT 


SELECTOR 


nm 
Mm 


random-access operation 
TR/OQE 


The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 
RAS falls, and second, if this is a random-access operation, it functions as an output enable after CAS falls. 


Military Products 


To use the SMJ4161 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high 
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit 
lines of the memory array. If data is to be transferred, the shift registers must be connected to the bit 
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift register to the bit lines 
and indicates that a transfer will occur between the shift registers and one of the memory rows. 


During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear 
at the Q output (if this is a read cycle). Whenever TR/QE is held high during random-access operation, 
the O output will be in the high-impedance state. This feature removes the possibility of an overlap between 
data on the address lines and data appearing on the Q output, making it possible to connect the address 
lines to the Q and D lines (use of this organization prohibits the use of the early write cycle). 
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address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
WwW goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common |/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 
hold times referenced to this signal. In a delayed write or read-modify-write cycle, CAS will already be 
low, thus the data will be strobed in by W with setup and hold times referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatability (no pull-up resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state.as long as CAS or TR/QE is held high. Data will not appear on the output until after both 
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access 
time is valid only if tCQE is greater than tcgE MAX and tRLC_ is greater than tRLCL MAX. Likewise, ta(c) 
MAX is valid only if tRLCL is greater than tkLCL MAX. Once the output is valid, it will remain valid while 
CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance 
state. In an early write cycle, the output is always in a high-impedance state. In a delayed write or read- 
modify-write cycle, the output will follow the sequence for the read cycle. In a register transfer cycle, 
the output will always be in a high-impedance state. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output 
during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each 
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address strobing 
successive column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 us immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 
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sequential access operation 


TR/OE 


Memory transfer operations involving parallel use of the shift register are first indicated by bringing TR/QE 


low before RAS falls low. This enables the switches connecting the 256 elements of the shift register - 


to the 256 bit lines of the memory array. The W line determines yee the data will be transferred from 
or to the shift registers. 


write enable (W) 


In the sequential access mode, W determines whether a transfer will occur from the shift registers to the 
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 
write setup and hold times are referenced to the falling edge of RAS for this mode of operation. 


row address (AO through A7) 


Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS. 


register column address (A7, A6) 


To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column 
address (A7, A6) must be valid when CAS falls. However, the CAS and register address signals need not 
be supplied every cycle, only when it is desired to change or select a new register. 


“SCLK 


Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers 
as though they were made of 256 rising edge D flip-flops connected D to Q. The SMJ4161 is designed 
to work with a wide range duty cycle clock to simplify system design. Note that data will appear at the 
SOUT pin not only on the rising edge of SCLK but also after an access time of ta(RSQ) from RAS high during 
a parallel load of the shift registers. 


SIN and SOUT 


Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The SMJ4161 is designed 
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 
6 ns after SCLK rises. These features make it possible to easily connect SMJ4161s together, to allow 
SOUT to be connected to SIN, and to give external circuitry a full SCLK cycle time to allow manipulation 
of the serial data. If SOUT is connected to SIN, the SCLK cycle time must include tgy(S}). When loading 
data into the shift register from the serial input in preparation for a shift-register-to-memory transfer 
operation, the serial clock must be clocked an even number of times. To guarantee proper serial clock 
sequence after power up, a transfer cycle must be initiated before a serial data stream is applied at SIN. 


SOE 


The serial output enable pin controls the impedance of the serial output, allowing multiplexing of more 
than one bank of SMJ4161 memories into the same external video circuitry. When SOE is at a logic low 
level, SOUT will be enabled and the proper data read out. When SOE is at a logic high level, SOUT will 
be disabled and be in the high-impedance state. 


refresh 


The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 
from the memory array. See specifications for maximum register data retention times. 
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absolute maximum ratings over operating temperature range (unless otherwise noted)T 


Voltage on any pin except Vpp and data out (see Note 1).................... -1.5V to 10 V 
Voltage on Vpp supply and data out with respect to VSS.........-.-...22.0 sees -1Vto6V 
ericies GNIIEE RIOT PANUOUE oo natn «cys 5d a pe KAN a EAs a eRe ee | 50 mA 
EEE OTS ae eens = a PR aan Sa seer Re a Sa ee OW ene im We ee ane 1 W 
Minimum operating free-air temperature... 2.2... ee eee ='5§5 °C 
SGT ELT IS EO. TeIIORPRUUND. fr oe oe Eee OS 8 DT BR ra ee Cage eens oes 100°C 
StOrace: ToMmmeranr eh LeNUe ss occ oo ke 8 Ee i = 8526 -to:'150°C 


TStress beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 
Supply voltage 4.7 


VDD 
Vss Supply voltage 
ViH 

IL 


Vin___Lowrlevel input voltage (eee Notes 2and3)SOSCSC~S 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet 


for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V; test conditions must comprehend this 


occurrence. 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


SMJ4161-15 SMJ4161-20 
PARAMETER TEST CONDITIONS } UNIT 
MIN TYP MAX MIN TYPT MAX 
Vv High-level output Sey En 2.4 V 
OH Voltage (Q, SOUT) One 
Low-level output 
lol = 4.2 mA 

voltage (Q, SOUT) 


= OVto 5.8 V, 
Input current (leakage) fae = 5V, 
Outputs = open 


t Output current (leakage) Vo = 0.4V to 5.5 V, 
(Q, SOUT) Vpop = 5V 

te(rd) = minimum cycle time, 
TR/OE low after RAS falls, 
SCLK and SIN low, 
SOE high, 

No load on Q and SOUT 
After 1 —RAS cycle, 
RAS and CAS high, 
SCLK and SIN low, 
SOE high, 

No load on Q and SOUT 
te(rd) = minimum cycle time, 
CAS high, RAS cycling, 
SCLK and SIN low, 

SOE high, 

TR/OE high, 

No load on Q and SOUT 
tce(P) = minimum cycle time, 
RAS low, CAS cycling, 
TR/OE low after RAS falls, 
SCLK and SIN low, 

SOE high, 

No load on Q and SOUT 
RAS and CAS high, 
No load on Q and SOUT, 
te(SCLK) = te(SCLK) min 
te(rd) = Minimum cycle time, 
tc(SCLK) = minimum cycle time, 
TR/QE low after RAS falls, 

No load on OQ and SOUT 


' Average operating current 50 75 
DD' during read or write cycle 


16 25 


: : se 


Ipp2" Standby current 


Ipp3 + Average refresh current 


Ipp4 Average page-mode current 45 75 


Average shift register 


IDD5 30 45 


current (includes Ipp2) 


Worst case average 


Ipp6 DRAM and shift 
register current 


85 100 


Tall typical values are at Ta = 25°C and nominal supply voltages. 
SOUT output current (leakage) is guaranteed but not tested. 

8See appropriate timing diagram. 

vip > —0.6 V. 
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Capacitance over recommended supply voltage and operating temperature range, f = 1 MHz 


Cia) Input capacitance, address inputs 2s 
Ci(p) Input capacitance, data input Soe, Sched 
Ci(RC) Input capacitance, strobe inputs 2 Sea 
Ci(w) Input capacitance, write enable input Rear ne tS ome 
Ci(CK) Input capacitance, serial clock SES Se SE 
Cis) Input capacitance, serial in Pet Send 
Ci(SOE) Input Capacitance, serial output enable ae FERS 
Ci(TR) Input capacitance, register transfer input ae SES 
Co(Q) Output capacitance, random-access data Sa eee 


Co(SOUT) Output capacitance, serial out Fess Tee 


T All typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating temperature range 
(see Figure 1) 


ALT. SMJ4161-15 | SMJ4161-20 UNIT 
symBol_[ MIN MAX | MIN MAX | 


PARAMETER TEST CONDITIONS* 
C 


Access time of Q from lo. = 4.2 mA, 


t ——s 
a(QE) TR/OE low 


IOH = -5 mA 


tRLCL = Max, 
C; = 80 oF, 

Access time from RAS L P 
lo. = 4.2 mA, 


IOH = -—5 MA 


SOUT access time from 


Access time from SOE 

‘a(SOE) low to SOUT 

saicicul Q output disable time 
from CAS high 

; Q output disable time 
‘dis(QE) trom TR/GE high . 
s Serial output disable time 
dis(SOE) from SOE high 


+ Figure 1 shows the load circuit; C_ values shown are typical for test system used. 
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timing requirements over recommended supply voltage range and operating temperature range 


PARAMETER SMJ4161-15 SMJ4161-20 
| SYMBOL 


ALT. 
= 160 
t 
sae 
tcp 
tRP 
twp 


tcird) Read cycle time! 240 315 
te(W) Write cycle time ~ 315 


te( FW) Transfer write cycle time+ 315 
te(Trd) Transfer read cycle time 240 315 
te(rdW) Read-write/read-modify-write cycle time 26 0 
tc(SCLK) Serial clock cycle time (see Note 4) 45 50,000 55 50,000 


tw(CH) Pulse duration, CAS high (precharge time) 8 | 


N 
oO 


W 
Ww 


NO 
W | h N No 
o1 WwW on 


tRWC 
tscc 


100 10,000 135 10,000 
105 


200 10,000 


'CAS 


,CA 
twi(CL) Pulse duration, CAS low! 
tw(RH) Pulse duration, RAS high (precharge time) 
tw(RL) Pulse duration, RAS low# 


150 10,000 


tRAS 


tw(W) Write pulse duration 
tw(CKL) Pulse duration, SCLK low! 0 6) 
tw(CKH) Pulse duration, SCLK high! 6) 
‘ASC 
tsu(RA) Row address setup time taSR 


z W setup time before RAS low 
su(RW) with TR/QE low 


tsu(D) Data setup time tps 


tsu(rd) Read command setup time trcs 


Early write command setup time 
before CAS low 


tsu(WCH) Write command setup time before CAS high tCWwL 
tsu(WRH) Write command setup time before RAS high tRWL 


tsu(WCL) | twcs 


jo) 


tsu(SI) Serial data setup time before SCLK high 
th(SI) Serial data in hold time after SCLK high 


th(CLCA) Column address hold time after CAS low tCAH 
th(RA) Row address hold time tRAH 


thiRW) W hold time after RAS low with TR/QE low 


thiRLCA Column address hold time after RAS low 


Continued next page. 
NOTES: 4. te(SCLK) Min is tested by connecting SIN to SOUT and test conditions include tgy(s}); see paragraph entitled SIN and SOUT 
on page 5. 
5. Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vjy min 
must be met at the 10% and 90% points. 
6. System transition times (rise and fall) for RAS, CAS, and SCLK are to be a minimum of 3 ns and a maximum of 50 ns. 
TAIl cycle times assume ty = 5 ns except tc(SCLK) which assumes ty = 3 ns. 
' tMultiple transfer write cycles require separation by either a 1-us RAS-precharge interval or any other active RAS-cycle. 
8 Page-mode only. 
{In a read-modify-write cycle, tCLWL 2Nd tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (ty(CL)). This applies to page-mode read-modify-write also. 
#\n a read-modify-write cycle, try wi and tsu(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw (RL))- 
I This parameter is guaranteed but not tested. 


tsu(TR) TR/QE setup time before RAS low 


io) 


Ww o1 


(o) 
12) 


Cc 
2 
3 
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SMJ4161-15 SMJ4161-20 
PARAMETER 
SYMBOL 


ALT. 
th(CLD) Data hold time after CAS low tpH 
tDH 


i Ss 
A 


th(CLW) Write command hold time after CAS low tWCH 


th(RLW) Write command hold time after RAS low twcrR 


F Serial data out hold time after 
h(RSO) ~—s- RAS low with TR/OE low! 


th(SO) Serial data out hold time after SCLK high 
th(TR) TR/QE hold time after RAS low (tansfer) 


tRLCH Delay time, RAS low to CAS high tCSH 
tCHRL Delay time, CAS high to RAS low tcrRP 


pe oe 
Pe eu 
wie Seo 
St We a 
ete SC 
Seat: 
Eee 
Sen eee 
ges Ca i 
Accent Daley tne CABIow te Gengh 
as Delay time, CAS low to W low 
(read-modify-write cycle only) 

Re ee 

Sa. a meek 

eo geen 


Delay time, CAS low to OE low 
(maximum value specified only 


to guarantee ta(QE) access time) 


tRHSC Delay time, RAS high to SCLK high 


: Delay time, RAS low to CAS low (maximum ; 35 50 30 65 
RLCL value specified only to guarantee access time) RCD 


Delay time, RAS low to W low 


t t 135 
RLWL (read-modify-write cycle only) RWD 


; Delay time, SCLK high before 
CKRL RAS low with TR/OE low * 


trf(MA) Refresh time interval, memory array tREF1 RpaSnge ss oS 
tr#(SR Refresh time interval, shift register J tREF2 50,000 50,000 


NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vjy min 
must be met at the 10% and 90% points. 
l This parameter is guaranteed but not tested. 
*SCLK may be high or low during tw(RL), but there cannot be any positive edge transitions on SLCK for a minimum of 10 ns prior to 
RAS going low with TR/GE low (i.e., before a transfer cycle). 
ClSee ‘‘refresh’’ on page 5. 
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PARAMETER MEASUREMENT INFORMATION 


loH/OL 
OUTPUT 
UNDER TEST 
sig CL = 80 pF 


FIGURE 1. EQUIVALENT LOAD CIRCUIT 
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read cycle timing 


me Sa ee ee 
‘ee tw(RL) me oes | , Vin 
ee jot pe ———— ‘CLRH ———-»} ‘0 — = 


‘aseaaces *RLCL——oje— SINE ie sae tCHRL 
| jo—_—_—_—_—__——— tr_LCH 2} 


= | | ae ana 


CAS | | ) 


| | | 
tsu(RA) V 
=f | x _—-— “ 


| 
fe RCA) 
| cage esate — | 
| ! ia pep tsuica) | r 


o OE OE . 


je—++ tricica) | oo 


FES 
Sak is ar a A 


TR/QE je twide) VIH 


ViH 


| —_ }e—th(RHrd) 


eet} — thictira 
TEN, Se XXX) go XY ve 


| | | beset tdis(QE) a 
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| = aes eee” 
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Q VOH 
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early write cycle timing 


ee ee 
tw(RL) 
Y ViH 


RAS 
| | Vit 
=o fo gaSetieeaeie e ceinaee Hoy eee 
}¢-—'RLCL —ofe—twict bee tCHAL 
| rs ea eee | | 
: oo. 
CAS | | ViH 
| | 


jo—tsuira) | | | i a 
ae | 


pe (CH) ——— 
| je wich $e [ . 


aa Ste | 
—| Jn | | 
oe EOE = HOE KNX 2 


oth CLCA) 


—o| satpere ances 
th(TR) Ye be "out $$$ 


XY eee XXX 


TR/QE 
tsu(WCL)—»|  je— Vie 
rt 
Sea iT. yy, | ager on ote: RIK sania Re aa: 
Ww (X vont cane X T CARE OX AL | AXXKX Koon cae XXX) = © 
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7 po — | E 
a ~ 
» Kye OOK XX KKK KXKXKK "ok 
en jeo—tsu(D) ViL 
VOH 
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write cycle timing 


ee eee 
<Y 2a oa 
AAS | | , 
aes aes oth ae eae 
ice eae | | 
| : ‘RLCH l¢—— tc: ———o 
Cote WI CE re 
CAS 
ae ao | i 
| i t (CH) —_——e 
| | tesa ——$a rat Gar = Z 
th(RA) ea fo—_——CLOEH 
| | 1 al be tsuica) ! 7 | 
’ | i | | 
A0-A7 
$F thicica) | | | 
TR/QE 


ALA i 


| ee tsu(WCH) online ' | 
-e-——— su we) 
SRR ES: Vane A Ane aes Eee eee aes | 


Trams: aes bi stan | 
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ViL 


ViH 


Vit 


ViH 


ViL 


ViH 


ViL 


ViH 


ViL 


VIH 


ViL 


VOH 


VOL 


tThe enable time (tgp) for a write cycle is equal in duration to the access time from CAS (tac)) in a read cycle; but the active levels at 


the output are invalid. 
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read-write/read-modify-write cycle timing 


te(rdW) Se ee 


RGM OUESrare Sea Sarees We |, Giri Nt Ok CUNY ewe: 
RAS | | VIH 
| Vv 
t EEE ORE ETES: *,F tw(RH . : 
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ts ' 
CAS fee tw.) oF ViH 
{ t \ee Vi 


—| fe— tsu(RA) | | 
| 1 es pie 


| 
| + tnnt.ca $< bs ee 
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thina)~—+-4o—o 
| | ool seal 


J@—tsu(CA) ! > 
: eae 
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| | Ly | : 
LAAN NNN SLD /// 
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es oe thiRLW) _— nm —— 4 : 
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The shift register to memory cycle is used to transfer data from the shift register to the memory array. Every one of the 25€ 
locations in the shift register is written into the 256 columns of the selected row. Note that the data that was in the shif 
register may have resulted either from a serial shift in or from a parallel load of the shift register from one of the memory rows 


. SOE assumed low. 
. SCLK may be high or low during tw (RL)- 
. Multiple transfer write cycles require either a 1-~s RAS-precharge interval or any other active RAS cycle before initiation o 


the transfer write cycles and separation between any two consecutive transfer write cycles. 


8-22 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM 


memory to shift register timing 
ViH 
ee K tRLCL ———w# } 
RAS 
Vv 
| sor paramere . 
ce twicu— VIH 
CAS | ware 
| | VIL 
fen thi(RLCA) 
7 | "| tinct | 


| 
tsu(RA)e—o| CS thiRA) | | 
| | | | —>| je—tsuica) 


RX OED 
ares oad sete Vin 
TR/OE e¥. Xr, ASRARCEEERRUEES x VIL 
ae sams on ‘ 

" XXS RELL ie 


VIH 


VIL 


: | | 3 VOH 
Q0a——_—_——_—_—_—— HZ . 


tCKRL je tRHsc a re 
f= twiCKH) | 


t 

Por wi(CKL) mays ViH 

SCLK | 
VIL 

le .2is0) oy l— thiRSO) —> | ta(SO) 

Vv 

OLD SHIFT ee NEW ROW ; OH 
Sour REG DATA DATA 

VOL 


a . Js tairsoy 


Military Products 


JIOTES: 12. SOE assumed low. 


13. SCLK may be high or low during tw(RL): 
14. Multiple transfer write cycles require either a 500-ns RAS-precharge interval or any other active R RAS cycle before initiation 


of the transfer write cycles and separation between any two consecutive transfer write cycles. 

15. The memory to shift register cycle is used to load the shift register in parallel from the memory array. Every one of the 256 
locations in the shift register are written into from the 256 columns of the selected row. Note that the data that is loaded 
into the shift register may be either shifted out or written back into another row. 
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NOTES: 4. te(SCLK) min is tested by connecting SIN to SOUT and test conditions include tgj(sj); see paragraph entitled SIN and SOUT 
on page 5. 
16. While shifting data through the serial shift register, the state of TR/QE is a don’t care as long as TR/QE is held high when 
RAS goes low and tsu(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory 
or memory-to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift register. 
17. When loading data into the shift register from the serial input in preparation for a shift-register-to-memory transfer operation, 
the serial clock must be clocked an even number of times. 
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TCAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length. 


NOTES: 12. 
18. 


19. 


SOE assumed low. 


The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application of this could 
be clearing all memory. To do this, the SIN line would be held at O to fill all locations in the shift register with Os. The shift register would then be written 
into all 256 rows of the memory array in 256 cycles. The random output port Q will be in a high-impedance state as long as register transfer cycles are selected. 
SCLK is a don’t care except that no positive transitions on SLCK can occur for a period equal to tcKRL prior to RAS falling with TR/QE low. 
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TCAS and register address need not be supplied every cycle, only when it is desired to change from one register to another. 
NOTES: 12. SOE assumed low. 
19. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcxR, prior to RAS falling with TR/OE low. 
20. The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is stored in the 


shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long as register transfer cycles 
are celected. 
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SMJ4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


JULY 1985 — REVISED MAY 1988 


@ 65,536 x 1 Organization JD PACKAGE 
(TOP VIEW) 
Single 5-V Supply (+ 10% Tolerance) 


Upward Pin Compatible with ‘4116 (16K 
Dynamic RAM) 


@ Available Temperature Ranges with MIL- 
STD-883C High-Reliability Class B 


Processing: 
—S... —55°C to 110°C 
—L...0°C to 70°C 
@® Long Refresh Period ...4ms FG PACKAGE 
Low Refresh Overhead Time. . . As Low As (TOP VIEW) 


1.8% of Total Refresh Period 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Unlatched Output 


Common 1/O Capability with Early Write 
Feature 


Page-Mode Operation for Faster Access 


@ Low Power Dissipation 
— Operating .. . 125 mW (Typ) 
—Standby ... 17.5 mW (Typ) 


@ Performance Ranges: 


Write Enable 


@® SMOS (Scaled-MOS) N-Channel Technology 


ACCESS ACCESS READ READ- Address Inputs ae 
TIME TIME OR MODIFY- CAS Column-Address Strobe 
ROW COLUMN WRITE WRITE Data In ” 
ADDRESS ADDRESS CYCLE CYCLE No Connection rT} 
(MAX) (MAX) (MIN) (MIN) Data Out =] 
‘4164-12 120ns 70 ns 230 ns 260 ns Row-Address Strobe S 
‘4164-15 150ns 85 ns 260 ns 285 ns 5-V Supply a. 
‘4164-20 200ns 135 ns 326 ns 345 ns Ground > 
g 
= 


description 


The SMJ4164 is a Military high-speed, 65,536-bit, dynamic random-access memory, organized as 65,536 
words of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation is 
125 mW typical operating and 17.5 mW typical standby. 


PRODUCTION DATA documents contain information ; Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments TEXAS 8-29 
standard warranty. Production processing does not IN STRUMENTS 


ecessa j testing of all parameters. 
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SMJ4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data 
in are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 
Pin 1 has no internal connection to allow compatibility with other 64K RAMs that use this pin for an additional 
function. 


The SMJ4164 is offered in a 16-pin dual-in-line ceramic sidebraze package (JD suffix) and in a leadless 
ceramic chip carrier package (FG suffix). The JD package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers, whereas the FG package is intended for surface mounting on solder lands 
on 1,27-mm (0.050-inch) centers. The FG package is a three-layer, 18-pad, rectangular ceramic chip carrier 
with dimensions of 7,37 x 10,8 x 1,65 mm (0.290 x 0.425 x 0.065 inches). 


operation 


sjonpoig AeviIIN ~i 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the 
eight column-address bits are set up on pins AO through A7 and latched onto the chip by the column- 
address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS 
is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used 
as a Chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data-out will remain in the high-impedance state for the entire cycle, permitting 
common |/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by Cy CAS with setup and hold times referenced to this signal. In a delayed write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54/74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) 's satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns 
it to a high-impedance state. In an early write cycle, the output is always in the high-impedance state. 
In a delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids 
any output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS 
causes all bits in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to 
conserve power. : 
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page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ys immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


logic symbolt 


RAM 64K X 1 


AO 20D8/21D0 
Al 

A2 
A3 
Ag 
A5 
A6 
A7 


RAS 


CAS 


o =| 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 
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A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 


RAS 

CAS TIMING & CONTROL 
Ww 
D 


een a Saeed ee 
SS (1/2 MEMORY ARRAY) 
SVS 
Bia eeeran ees DATA 
tS aa IN 
(8) REG 


BUFFER & DATA 
1 OF 41/0 OUT Q 
SELECTION REG. 


256 SENSE - REFRESH 


AMPS 


(1/2) 4 OF 256 COLUMN DECODE |__| 


COLUMN 
ADDRESS 
BUFFERS 
(8) 


(1/2) MEMORY ARRAY 


absolute maximum ratings over operating temperature range (unless otherwise noted) Tt 


Voltage on any pin except Vpp and data out (see Note 1).................... -1.5Vto 10 V 
Voltage on Vpp supply and data out with respect to VSS............ 0. ee eee ee -1Vto6V 
SOTHOPA: CORAL RUUTOIORTE CRT WEES ene oak nc. vce re Acad ein eee adie), ee ag eee Ra cae: see tag 50 mA 
POWET GIGEIO RI oe ie osc ade Bein Sn en weeded wie Seo ee ae eT AEE ae be Se 1 W 
Minimum operating free-air temperature: S version...... 2.2.0... 0... cee eee ees —§5°C 
Se PRI ys 25 1 en a aly eae ae ee tas teas 8 as 

Operating case temperature: SVeraion 34. on oS aa as oS aa bw ae ere es TOC 
LE VGFSIOR ONG Ee BPRS IR a ae ieee 2h ace 70°C 

Storage temperature ranges cP oe AS ss Ee Ee re eee ae =65°C to’ 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operatinc 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affec: 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 
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recommended operating conditions 


Supply voltage 


Supply voltage 


Low-level input voltage (see Notes 3 and 4) 
Operating free-air temperature 
sg Operating case temperature 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 


VDD 
Vss 
VIH High-level input voltage 
VIL 
TA 
C 


occurrence. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST SMJ4164-12 SMJ4164-15 
PARAMETER UNIT 
CONDITIONS MIN Typt MIN TyPt 
VoH High-level output voltage | lon=-5mA | 24 


OH 
VOL Low-level output voltage lo. = 4.2 mA 


V; = OV to 5.8 V, 
Input current. (leakage) Vpp = 5.5 V 

All outputs open 

Vo = 0.4 V to 5.5 V, 
Output current (leakage) Vpop = SV, 

CAS high 
Average operating current te = minimum cycle, 
during. read or write cycle All outputs open 
After 1 memory cycle, 
RAS and CAS high, 
All outputs open 


ee oe 
ede: aces ora LRM OE 
eee 
a 


V 
V 
mA 


MAX 
+10 
+10 
a ee 


Ipp22 Standby current 


te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 


Ipp3* Average refresh current 


MAX 
+10 
+10 

37 
37 


Ipp4 Average page-mode current 


T All typical values are at Tc = 25°C and nominal supply voltages. 
+ Additional information on last page of data sheet. 
Sv, § -0.6 V. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST SMJ4164-20 
PABAMSIER CONDITIONS TypPt 


Vou Highievel output votage | low=—SmASSC*d 


VoL Low-level output voltage OL 4.2 mA Rees Paes ey 
Soe eae 


Input current (leakage) ae = 5.5V, 
Output = open 
Vo = 0.4 V to 5.5 V, 


lo Output current (leakage) Vop = 5 V, 
CAS high 


' t Average operating current te = minimum cycle 
DD1 during read or write cycle All outputs open 


After 1 memory cycle, 
Ipp28 Standby current RAS and CAS high, 
All outputs open 


te = minimum cycle, 


Ipp3* Average refresh current CAS high and RAS cycling, 
All outputs open 
tce(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low and CAS cycling, 
All outputs open 


TAIl typical values are at Tc = 25°C and nominal supply voltages. 
+ Additional information on last page of data sheet. 
SV > -O0.6 V. 


s}onpoig Ase zilin 


PARAMETER 


Gn nasa ae a ee ie 
[Ginw) Input capacitance, write enable input ———SSSSSSCSCSCSCSCSCSCSC“CSsCStsCs~‘CSs~isYCSSB TO 
Pee) eines ee a ee ee 


TAI typical values are at TC = 25°C and nominal supply voltages. 
‘These parameters are guaranteed but not tested. 


capacitance over recommended supply voltage range and recommended temparature range, f = 1 MHz4 
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switching characteristics over recommended supply voltage range and recommended operating 
temperature range 


ALT. SMJ4164-12 | SMJ4164-15 
PARAMETER TEST CONDITIONS UNIT 
symeot_[ MIN MAX | MIN MAX 
CL = 80 pF, 
aonkeb Cy = 80 pF, t = MAX, 
ei Output disable time Ci = 80 pF, ‘ 
dis(CH) after CAS high see Figure 1 OFF 


ALT. SMJ4164-20 
PARAMETER TEST CONDITIONS SYMBOL MIN MAX | UNIT 
CHS C_ = 80 pF, 
jar rican sins is si son Fine = Peal ioe 


136 
C_ = 80 pF, trict = MAX, P 
t Access time from RAS t 200 
aoe Sa = 
ah Output disable time CL = 80 pF, : 
dis(CH) after CAS high see Figure 1 OFF 
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timing requirements over recommended supply voltage range and recommended operating temperature 


range 
ALT. SMJ4164-12 SMJ4164-15 3 
PARAMETER UNIT 


SYMBOL 


tc(rd) Read cycle time? 


it) Wie evel tne Payee aes re 
te(rdW) Read-write/read-modify-write cycle time Beas ES Ee aaa 
tw(CH) Pulse duration, CAS high (precharge time)* if Sa 


70 10,000 85 10,000 
tw(RH) Pulse duration, RAS high (precharge time) 
Pulse duration, RAS low! 120 10,000 | 150 10,000 


Data setup time 
Read-command setup time 


th(WLD) Data hold time after W low 
thiCHrd)  Read-command hold time after CAS high! 
th(RHrd) | Read-command hold time after RAS high! 


ot 


tCLRH Delay time, CAS low to RAS high 


Continued next page. 
NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vjy min 
must be met at the 10% and 90% points. 

TAIl cycle times assume tt = 5s. The recommended rise and fall times for the CAS and RAS inputs are a minimum of 3 ns and a maximum 
of 50 ns. 

+Page-mode only. 

Sin a read-modify-write cycle, tCLWL 4nd tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 

Tin a read-modify-write cycle, tRLWL 4nd tsyu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 

i These parameters are guaranteed but not tested. 
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timing requirements over recommended supply voltage range and recommended operating temperature 


range (continued) 
ALT. SMJ4164-12 SMJ4164-15 
PARAMETER UNIT 
symBoL__ [MIN MAX 


Delay time, CAS low to W low 
(read-modify-write cycle only) 


Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 
_ to guarantee access time) 


tCLWL 


wea Delay time, RAS low to W low 

(read-modify-write cycle only) 
Delay time, W low to CAS 
low (early write cycle) 


trf Refresh time interval 


tWLCL 


timing requirements over recommended supply voltage range and recommended operating temperature 


range (continued) 
SMJ4164-20 
PARAMETER : UNIT 


Page-mode cycle time 


Read cycle timet 
Write cycle time 
te(rdW) Read-write/read-modify-write cycle time 


tw(CH) Pulse duration, CAS high (precharge time)* 


Se! 
pte 
re 
ae 
[tw 
135 10,000 | ns | 


200 10,000 


Military Products 5 


25 


Continued next page. 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vj min 
must be met at the 10% and 90% points. 

TAIl cycle times assume ty = 5 ns. The recommended rise and fall times for the CAS and RAS inputs are a minimum of 3 ns and a maximum 
of 50 ns. 

+Page-mode only. 

Sin a read-modify-write cycle, tCLWL 4nd tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 

{In a read-modify-write cycle, tRLWL 4nd tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw(RL))- 
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timing requirements over recommended supply voltage range and recommended operating temperature 
range (concluded) 


SMJ4164-20 
UNIT 


PARAMETERS iso 


12 el 
aot eee re 
' es 
6h eae Sa 
ae ee 
at: Rema Oa 
eee ve "| 
io ee 
es ae cee ce 
(read-modify-write cycle only) 
ee Ae 


Delay time, RAS low to CAS low hehe 
tRLCL (maximum value specified only tRCD 
to guarantee access time) 
dun Delay time, RAS low to W low 
(read-modify-write cycle only) 
Delay time, W low to CAS 


t t 
WLCL low coy write cycle) Wes 


Lz parameters are guaranteed but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


1.31 V 


Ri 
OUTPUT 
UNDER 
TEST 
iz 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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| be yh; 
mas | Vin 
| | ViL 
—| Le— tr ko—— tcLrRH ——*} Je twiRH) > 
| ae tRLCL—>}o— tw(CL) > aaa tCHRL—> 
je —_———— ta_ch ——____# 
, | —e BOS tt 
CAS an | a” 
| | fom ViL 
—| He tsu(RA) tt ee twicH) ——>| 
| Le —— thintca) —> | 
thiRA) > = 11 paul 
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early write cycle timing 


$$. tj) + 

| 

|} ig) ———— | | | 
See Seca, ee eee ocr Oe ViH 
RAS 

| il VIL 
—| jo | mee 8 J }@- twiRH) 
| le tric.—> H— tc > 


tt 


a al Vv 
AS oh 
i Vit 
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/*—thiRLCA) ——>} | | 
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| ' 
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t 
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}*—————tsu(WRH) ———_+ 
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o 
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write cycle timing 
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| Aeeeeceiecatcie LEH Coes enceaeel II 
be tw (CL] ——— ViH 
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VIH 
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ViL 
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Vv 
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read-write/read-modify-write cycle timing 
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NOTE 5: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 6: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTE 7:A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and the write timing specifications are not violated. 
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RAS-only refresh timing 
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AUGUST 1980 — REVISED FEBRUARY 1988 


4 5 JD PACKAGE 
@ 16,384 x 4 Organization (TOP VIEW) 


@ Single 5-V Supply (+ 10% Tolerance) 
@ Performance Ranges 


ACCESS ACCESS READ READ- 
TIME TIME OR MODIFY- 

ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 

(MAX) (MAX) (MIN) (MIN) 

‘4416-12 120ns 70 ns 230 ns 320 ns 
‘4416-15 150ns 80 ns 260 ns 330 ns 
‘4416-20 200ns 120 ns 330 ns 440 ns 


@® Available Temperature Ranges with MIL- 
STD-883C Class B High-Reliability 
Processing 
—S...-—55°C to 100°C 
eB es Gato 70° S 
@ Long Refresh Period. ..4ms 
@ Low Refresh Overhead Time... As Low 
As 1.7% of Total Refresh Period 
@ All Inputs, Outputs, Clocks Fully TTL 
: AO-A7 Address Inputs 
Compatible ee 
CAS Column-Address Strobe 
@ 3-State Unlatched Outputs DQ1-DQ4 Data In/Data Out 
@ Early Write or G to Contro! Output Buffer aa eee 
Impedance Row-Address Strobe 
5-V Supply 
@ Page-Mode Operation for Faster Access Ground 
@ Low Power Dissipation biieeh abate 


— Operation . . . 200 mW (Typ) 
—Standby. .. 17.5 mW (Typ) 


@ SMOS (Scaled-MOS) N-Channel Technology 


description 


The SMJ4416 is a Military high-speed, 65,536-bit, dynamic random-access memory organized as 16,384 
words of 4 bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4416 features RAS access times to 150 ns maximum. Power dissipation is 200 mW typical 
operating, 17.5 mW typical standby. 


SMOS technology permits operation from a single 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. IpDp peaks have been reduced to 60 mA typical, and a —1 V input 
voltage undershoot can be tolerated, minimizing system noise considerations. Input clamp diodes are used 
to ease system design. 


PRODUCTION DATA documents contain information P Copyright © 1980, Texas Instruments Incorporated 
current as of publication date. Products conform to wis 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INSTRUMENTS 
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Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data 
in are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4416 is offered in 18-pin 300-mil ceramic side-braze dual-in-line package. It is available in —55°C 
to 100°C and 0°C to 70°C temperature ranges. Dual-in-line packages are designed for insertion in mounting- 
hole rows on 7,62 mm (300-mil) centers. 


operation 


sjonpoig AieviA - 


address (AO through A7) 


Fourteen address bits are required to decode 1 of 16,384 storage locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the six 
column-address bits are set up on pins A1 through A6 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state allowing a write cycle with 
G grounded. 


data in (DQ1 through DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In delayed write or read-modify-write, G must be high to bring the output buffers 
to high impedance prior to impressing data on the 1/O lines. 


data out (DQ1 through DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54/74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time 
interval ta(c) that begins with the negative transition of CAS as long as ta(R) and ta(E) are satisfied. 
The output becomes valid after the access time has elapsed and remains valid while CAS and G are 
low. CAS or G going high returns it to a high-impedance state. In an early write cycle, the output is 
always in the high-impedance state. In a delayed-write or read-modify-write cycle, the output must be 
put in the high-impedance state prior to applying data to the DQ input. This is accomplished by bringing 
G high prior to applying data, thus satisfying tGHp. 


output enable (G) 


The G signal controls the impedance of the output buffers. When G is high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers, putting them 
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low-impedance state, they will remain in the low-impedance 
state until G or CAS is brought high. 
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refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single RAM, 
the row address and RAS are applied to multiple 16K x 4 RAMs. CAS is then decoded to select the proper 
RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 
input must remain high for 100 us immediately prior to initialization. Initialization consists of performing 
eight RAS cycles before proper device operation is achieved. 


logic symbolT 


RAM 16K x 4 


20D6 
20D7/21D0 


0 
AT6.383 


20D12/21D5 
20013 
C20(ROW]) 
G23/(REFRESH ROW] 
24(PWR DWN] 
C21(COL) 


tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


TIMING & CONTROL 


AO 


of (1/2) MEMORY ARRAY 
A2 

poy DECODE 
A3 ADDRESS 
A4 BUFFERS 

~ DUMMY CELLS 

AS 
AG (1/2) 4 OF 256 COLUMN DECODE 
AT 


256 SENSE REFRESH 


AMPS sees 


COLUMN 
ADDRESS 
BUFFERS 
(6) 


(1/2) MEMORY ARRAY 


absolute maximum ratings over operating temperature range (unless otherwise noted) tT 


Voltage on any pin except Vpp and data out (see Note 1) .................... —1:.5°V to-10 V 
Voltage on Vpp supply and data out with respect to VSs........ Figen stew eRe aeEmE -1Vto6V 
SIGE: CUCU ERIN CAMETONIL Nc sks ake oo Sy Ge eee aE. WR href eas Se IE Rese es Boas 50 mA 
Bo WO ae ie eae tae ane. oh AR Cae SRR, Wenn char Ce Aa Means Ue eM rERh OC pe ad Bane SRT INELE AM oa Sten ig wars oe 1 W 
Minimum operating free-air temperature: S version... ...... 0.0... te ee ee ee — 55°C 
PWM DN ois eae ang agit ud tay Pa alae tee tune Be tee oe te O°C 

Operating case-temoperatute: S: VersiOin ie ite 2 oy eesti ic kha es ws De he Map ek es 100°C 
LS WRN 58 A ricce reed ee Gt AE ee Soe St A a ee FO°C 

Storage Temperature Tange: Pes aS it wee IE Fn ee ke — 65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1. All voltage values in this data sheet are with respect to Vss. 
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refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single RAM, 
the row address and RAS are applied to multiple 16K x 4 RAMs. CAS is then decoded to select the proper 
RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 
input must remain high for 100 us immediately prior to initialization. Initialization consists of performing 
eight RAS cycles before proper device operation is achieved. 


logic symbolT. 


RAM 16K x 4 


AO 20D6 
Al 20D7/21D0 
A2 


20D12/21D5 
20D13 
C20[ROW] 
G23/[REFRESH ROW] 
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TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


TIMING & CONTROL 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 


(1/2) MEMORY ARRAY 


ROW 
DECODE 


ROW 
ADDRESS 
BUFFERS 


DUMMY CELLS 


(1/2) 4 OF 256 COLUMN DECODE 


256 SENSE REFRESH 
AMPS el EN Se 
ROW 
DECODE 


a acme 
absolute maximum ratings over operating temperature range (unless otherwise noted) t 


DQ 


COLUMN 
ADDRESS 
BUFFERS 
(6) 


DUMMY CELLS 


(1/2) MEMORY ARRAY 


= Voltage on any pin except Vpp and data out (see Note 1).................... «1.6 V to 10 V 
rt Voltage on Vpp supply and data out with respect to VSS ...............22002 eee -1Vto6V 
< SOT Ate Ci OUNE CSE MAD CULL OT eo istics beady ac ae ed Gaeta ta geet Gasca O ar wr Se GEG, ete cbs Mae he oe him 50 mA 

OWE CaN So os 55> ee aa es ae 0 Sek ea ES abe eee les NE Re ee ate ee rad 1W 
a Minimum operating free-air temperature: S version... ....... 0.00. ee ee ee ee ee —§5°C 
o SS SURI Ose s ec Maite co om ee he ee ek es occ 
om Operating Case teminarature: S wersioty 3. fre ccncace nes ine ne we ee PE wk ps Che 100°C 
Q SSSA 5.55 cv ae as BOR a en RE Oe EE oe eo ae 40°C 
” Storage temperature range ...... LTTE RIE Ook Re ee et SE ee a 7) =65°C to. T60°C 


t Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1. All voltage values in this data sheet are with respect to Vss. 
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recommended operating conditions 


sae eine aad Seat rong 


Supply voltage 
Vss Supply voltage 


Vv High-level input voltage 
Wap 5.5 V 


Low-level input voltage 
TA Operating free-air temperature 


te Operating case temperature 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 
occurrence. 


< 

Oo 

Oo 

i} 

- 

o 

< 

N 

L 

al ea 
© ee) 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


1615 | smuagte-20 | 
PARAMETERS TEST CONDITIONS es ae da nt UNIT 


MIN TYPt MAX | MIN TyPt MAX 
VOH High-level output voltage loH = -2mA 
VOL Low-level output voltage oes 4.2 mA 


=OVto 5.8V, 
sta = 5V, 
All other pins = 0 V 


Output current (leakage) Ree ey eee +10 
Vane 5 V, CAS high 
during read or write cycle 
(see Note 4) RAS and CAS high 
te = minimum cycle, 
RAS cycling, CAS high 


tc(P) = minimum cycle, 


RAS low, CAS cycling 


N 

bp 
o 
os 


Input current (leakage) 


H+ 
= 
oO 
H+ 
—_— 
oO 
RS 
§ |e 


H+ 
os 
oO 


Military Products E 


Ipp3? Average refresh current 


Ww 
o 


Average page-mode 


| 
pp4* current 


TAIl typical values are at Tc = 25°C and nominal supply voltages. 
tIpp1-Ipp4 are measured with open outputs. 
NOTE 4. Vi, > -—0.6 V on all inputs. 


See over recommended supply voltage range and recommended temparature range, 
= 1 MHz’ 


SMJ4416 
PARA NIT 
ARAMETER wis MAX U 


Cia) Input capacitance, address inputs ee eee ae Se 
Circ Input capacitance, strobe inputs aay eras 
Ci(w) Input capacitance, write enable input ee a a ee 
Ci/o input/output capacitance, data ports ee aS 


TAIl typical values are at Tc = 25°C and nominal supply voltages. 
8These parameters are guaranteed but not tested. 
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switching characteristics over recommended supply voltage range and recommended operating 
temperature range 


ta(C) Access time from CAS 


ta(R) Access time from RAS 


Access time after G low 


tdis(CH) Output disable time after CAS high 


Output disable time 
after G high 


tdis(G) 
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timing requirements over recommended supply voltage range and recommended operating temperature 


range 
ALT. 

PARAMETER LT SMJ4416-15 | SMJ4416-20 UNIT 
SYMBOL [MIN MAX | MIN MAX 


Page-mode cycle time 


Read cycle time! 33 


Write cycle time 3 


Pulse duration, CAS high (percharge time)* 


Ww 
oOo 


tw(CL) Pulse duration, CAS low 
tw(RH) Pulse duration, RAS high (precharge time) 


Pulse duration, RAS low! 200 5000 
Write pulse duration 


2 


we 42 
: 
Delay time, CAS low to W low oe ; 


6) 
6) 
(read-modify-write-cycle only)# 70 
6) 
6) 


2] 
- 
© 
| 
n°] 
2) 
pial 
0. 
eS 
© 
a 
— ’ 


0 
2 
Delay time, RAS | to CAS | 
e wv ime ow ‘ Ow 70 80 7 80 
(maximum value specified only to guarantee access time) 
Delay time, RAS low to W low 


(read-modify-write-cycle only)# 


TAIl cycle times assume ty = 5 ns. {in a read-modify-write cycle, tRLWL 4nd tsu(WRH) Must be 
+ Page mode only. observed. Depending on the user’s transition time, this may require 
Sin a read-modify-write cycle, tcLWL and tsy(wCH) Must be _ additional RAS low time tw,RL). 
observed. Depending on the user’s transition times, this may require l These parameters are guaranteed but not tested. 
additional CAS low time twi(CL): #Necessary to insure G has disabled the output buffers prior to 
applying data to the device. 
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PARAMETER MEASUREMENT INFORMATION 


Vcc 
loH/IOL 
REMAINING OUTPUT(S) OUTPUT 
INPUTS OPEN UNDER TEST 
Vl = C, = 80 pF 
+ | 
NOTE 5. Each input is tested = helatae 
FIGURE 1. INPUT CLAMP VOLTAGE TEST CIRCUIT FIGURE 2. EQUIVALENT LOAD CIRCUIT 


read cycle timing 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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NOTE 6. A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 7. A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 8. A read cycle or a write cycle can be intermixed with read-modify-write cycles as long as read and write timing specifications are not violated. 
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RAS-only refresh timing 
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SMJ4256 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY 


NOVEMBER 1985 — REVISED MARCH 1988 


262,144 x 1 Organization JD PACKAGE 
Single 5-V Supply 3d aang 
JEDEC Standardized Pinout 


Upward Pin Compatible with SMJ4164 
(64K Dynamic RAM) 


@ Performance Ranges: 


ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 
ADDRESS ADDRESS CYCLE 
(MAX) (MAX) (MIN) EYER AGA 
SMJ4256-12 120 ns 65 ns 230 ns MTOR VIEW) 
SMJ4256-15 150 ns 80 ns 260 ns 
SMJ4256-20 200 ns 100 ns 330 ns 


Long Refresh Period . . . 4 ms (Max) 


Low Refresh Overhead Time . . . As Low As 
1.3% of Total Refresh Period 


On-Chip Substrate Bias Generator 


All Inputs, Outputs, and Clocks Fully TTL 
Compatible 


3-State Unlatched Output 


@ Common I/O Capability with ‘‘Early Write’ 
Feature 


@ Power Dissipation as Low As 
— Operating . . . 300 mW (Typ) 


Military Products | 


— Standby... 12.5 mW (Typ) : Address Inputs 
Column-Address Strobe 
High-Reliability Processing NS Connect 
@ RAS-Only Refresh Mode Data Out 
. Row-Address Strobe 
@ Hidden Refresh Mode 5-V Supply 
@ CAS-Before-RAS Refresh Mode Ground 
Write Enable 
@ Full Military DRAM Temperature Range 
Operation ... —55°C to 110°C 
description 


The SMJ4256 is a high-speed, 262, 144-bit dynamic random-access memory, organized as 262,144 words 
of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level ploysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4256 features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 300 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a —0.5-V input 
voltage undershoot can be tolerated, minimizing system noise considerations. 


PRODUCTION DATA documents contain information : Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 

specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 8-65 
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ns SSS 
All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4256 is offered in 16-pin 300-mil ceramic side-braze dual-in-line and 18-pad ceramic chip carrier 
packages. It is guaranteed for operation from — 55°C to 110°C. The dual-in-line package is designed for 
insertion in mounting-hole rows on 7,62-mm (300-mil) centers. 


operation 
address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then the 
nine column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edge of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input 
selects the read mode and a logic low selects the write mode. The write-enable terminal can be driven 
from standard TTL circuits without a pull-up resistor. The data input is disabled when the read mode is 
selected. When W goes low prior to CAS, data out will remain in the high-impedance state for the entire 
cycle, permitting common 1|/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by Cs CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be ae in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time 
interval tq(C) that begins with the negative transition of CAS as long as g as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In a read-modify-write cycle, the output will follow the sequence for the read cycle. 


sjonpoig Ase 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and 
holding it low after RAS falls (see e parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 


sip 
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hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vi, after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘‘RAS-only’’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 

power-up 


To achieve proper device operation, an initial pause of 200 us is required after power up followed by a 
minimum of eight initialization cycles. 


logic symbolt 


RAM 256K x 1 
20D9/21D0 


ag 20D17/21D8 


Pp C20[(ROW] 
(4) ts G23/[REFRESH ROW] | 
24(PWR DWN] 


RAS 
Pp 6211CO1) 
ong 15) on 
DN arte 


(14) 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the JD package. 
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functional block diagram 


DECODE 32K ARRAY 
ROW 
DECODE 32K ARRAY 


ROW 
ADDRESS 
BUFFERS 


(8) 


0 


—<a——| BUFFERS 
COLUMN DECODE Bessey 1 of 4 
AO se! sSELEC. 


Al 
A2 
A3 
A4 
AS 
A6 
A7 


TION 


ROW 

32K ARRAY DECODE 32K ARRAY 
: ROW 

32K ARRAY DECODE 32K ARRAY 


COLUMN 
ADDRESS 
BUFFERS 


A8 


aS absolute maximum ratings over operating temperature range (unless otherwise noted) t 
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Voltage range for any pin, including Vpp supply (see Note 1).................... =I Vto7V 
Short circuit output current.......... OC Ea OE ee ae eae ee oe ES eC hal eae 50 mA 
POW Cia SI AUOIN Sy ars Ho 0 ade oo ah ale bg Ee er IAMS Beh A ORS ae ee aE ee 1W 
Minimum operating free-air temperature «55... eg ng S cad eve eae ae ee we ee eerie was — §5°C 
Operating cosestemibarature< 65 eo Sx ep eda Skee oS ee ed ed a as AGG 
Stonige Lemmereture TANG 65. ss oo ee Ee es ca ee ee ae ne —- 65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Pea SR Sa a ee a a te Sees IM 
758 5.25 
Nbe supe ee ee | 
Min elim ee 
ia. Open hoes Wmeanis ee 
igh  ppamheeiewmenns <0 a 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet for 
logic voltage levels only. 


f 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST 
PARAMETER 
CONDITIONS 


VOH High-level output voltage IOH = -—5 mA 
VOL Low-level output voltage lo. = 4.2 mA 
I 

O 


Vi = OVto5V,V = §.25 V, 
Input current (leakage) : BD 
Output open 
Vo = OVto 5.5 V, 
| Output current (leakage) 0 “ ; 
Vpp = 5.25 V, CAS high 


Average operating current te = minimum cycle, 
during read or write cycle Output open 
After 1 memory cycle, 

Ipp2 ‘Standby current _ RAS and CAS high, 

Output open 

te = minimum cycle, 
Ipp3.~=—- Average refresh current RAS cycling, CAS high, 

Output open 

te(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low, CAS cycling, 

Output open 


TEST 
PARAMETER SMJ4256-15 SMJ4256-20 
CONDITIONS MIN TYPt MAX | MIN TYPt MAX 
V 


OH High-level output voltage | lon=-omA | 24 V 
VOL Low-level output voltage lol = 4.2 mA 


Vi = OVto SV, 
Input current (leakage) Vpop = 5.25 V, 
Output open 


IDD1 


Vo = OV to 5.5V, 


lo Output current (leakage) Vpp = 5.25 V, 
CAS high 


' Average operating current te = minimum cycle, 60 , 
m 
DD1 during read or write cycle Output open 
After 1 memory cycle, 


Ipp2 Standby current RAS and CAS high, 
Output open 


te = minimum cycle, 
Ipp3 Average refresh current RAS cycling, CAS high, 
Output open 


+10 
+10 
75 


te(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low, CAS cycling, 
Output open 


Tall typical values are at Ta = 25°C and nominal supply voltages. 
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capacitance over recommended supply voltage range and operating temparature range, f = 1 MHz 


PARAMETER 


Ci(A) Input capacitance, address inputs eae 

Ciip Input capacitance, data input Baek ses ae 

Circ Input capacitance, strobe inputs Rake SS. Sel 
| Ci(w) Input capacitance, write enable input eS 

Co Output capacitance tae 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating temperature range 


¢ ALT. SMJ4256-12 
PARAMETER TEST CONDITIONS SYMBOL MIN MAX | UNIT 
t MAX, Cy = 80 pF, 
ta(C) Access time trom CA ae mA ies 4.2 ik wee oer | 
; tRLCL = MAX, C_ = 80 pF, 
t A t f RA t 
a(R) ccess time from RAS in =< THA, lah RIA RAC 
Output disable time Cy = 80 pF, Ion = —5 mA, 
tdj t 
dis(CH) —atter CAS high lo = 4.2 mA OFF ecaeeete 


ALT. SMJ4256-15 | SMJ4256-2 
PARAMETER TEST CONDITIONS?* : 
symBo._| MIN MAX | MIN MAX 
: MAX, Ci = 80 pF, 
ta(C) Access time from CAS RLCL = i = tCAC 
lIoH = -—5MA, IoL = 4.2 mA 
ake : = MAX, C; = 80, pF, 


lon = —5MA, Io_ = 4.2 mA 


; Output disable time CL = 80 pF, Ion = —-5 mA, : 
dis(CH) after TAS high lol = 4.2 mA OFF 


+Figure 1 shows the load circuit; C, values shown are typical for test system used. 
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timing requirements over recommended supply voltage range and operating temperature range 


ALT. SMJ4256-12 
SYMBOL 


ees. ess Oe eS 
sie cme be Seem 
Sy pe ea ) 
: si cane te 

t 


c 
< 
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120 10,000 


Continued next page. 
NOTES: 3. Timing measurements are referenced to Vj, max and Vjy min. 
4. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 

TAI cycle times assume ty = 5 ns. 

tin a read-modify-write cycle, tc_yw and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 

8in a read-modify-write cycle, tay wi and tsu(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw (RL))- 
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timing requirements over recommended supply voltage range and operating temperature range 
(continued) 


ALT. SMJ4256-12 
UNIT 
symeot— [MIN MAX 


Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 


tCLWL 


to guarantee access time 


Delay time, RAS low to W low 


t t 122 
RLWL (read-modify-write cycle only) RWD 


i__ Refresh time interval fener es Se ae 


Continued next page. 
NOTE 3: Timing requirements are referenced to Vj, max and Vy min. 
1TAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating temperature range 


(continued) 
ee OE TEE 
SYMBOL 
tc(P) Page-mode cycle time (read or write cycle) 
tc(PM) Page-mode cycle time (read-modify-write cycle) 


twiRtP Pulse duration, RAS high (page made) | tap 


150 _ 10,000 


tsu(D) i that esa Sik ee 
tsu(rd) Read-command setup time 


. Early write-command setup time F 
su(WCL) before CAS low wes 


tsu(WCH) | Write-command setup time before CAS high 
tsu(WRH) |Write-command setup time before RAS high 


thiCLCA Column-address hold time after CAS low 
th(RA) Row-address hold time 


th(RLCA) | _Column-address hold time after RAS low 
th(CLD) Data hold time after CAS low BSc tea oe 


UNIT 


100 10,000 


200 10,000 


ol 
ol 


120 


ein) Reed: somwnand hold time eter RAS Noh] ty 


th(RLW) Write-command hold time after RAS low 


Continued next page. 
NOTES: 3. Timing measurements are referenced to Vj, max and Vjy min. 
4. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 

TAIl cycle times assume ty = 5 ns. 

tin a read-modify-write cycle, tc, yw and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 

Sin a read-modify-write cycle, tar wi and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 3 


= 
ol 


Military Products - 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-73 


sjonpoig Alen . 


8-74 


SMJ4256 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating temperature range 
(concluded) 


ALT. SMJ4256-15 SMJ4256-20 UNIT 
one, a 


Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 


to guarantee access time) 


; Delay time, RAS low to W low ; 
RLWL (read- moun -write cycle only) RWD 


NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 


{CAS-before-RAS refresh only. 


PARAMETER MEASUREMENT INFORMATION 


loH/lOL 
OUTPUT 
UNDER TEST 


FIGURE 1. EQUIVALENT LOAD CIRCUIT 
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read cycle timing 
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early write cycle timing 
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write cycle timing 
fe lel) reer areal 
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tThe enable time (te,) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle, but the active levels at 


the output are invalid. 
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read-write/read-modify-write cycle timing 
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NOTE 5: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 6: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and réad-modify-write timing specifications are not violated. 
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NOTE 7: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh cycle timing 
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automatic (CAS-before-RAS) refresh cycle timing 
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MAY 1988 


65,536 x 4 Organization 


Dual-Port Accessibility — Four |/Os for 
Sequential Access, Four I/Os for Random 
Access 


@ One Serial Data Register Built into Each 
Serial 1/O for Sequential-Access Applications 


@ Designed for Video and Non-Video 
Applications 


@ Fast Serial Ports . . . 20-MHz Shift Rate 


@ Mid-Scan Load — Serial Data Streams 
Uninterrupted by Register Reload 


@ TRG as Output Enable Allows Direct 
Connection of DQ and Address Lines to 
Simplify System Design 


@ Random-Access Port is Compatible with the 
SMJ4464, 64K x 4 DRAM 


@ Supported by TI’s SMJ34061 Video System 
Controller and SMJ34010 Graphics System 
Processor (GSP) 


® 3-State Serial 1/Os Allow Easy Multiplexing 
of Video Data Streams 


@ Maximum Access Time from RAS 
... 150 ns 


@ Minimum Cycle Time (Read or 
Write) . . . 260 ns 


Long Refresh Period... 4 ms 


@ Low Refresh Overhead Time... As Low As 
1.3% of Total Refresh Period 


® All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Unlatched Random-Access Outputs 


Common Random-Access 1|/O Capability 
with ‘’Early Write’’ Feature 


® Available Temperature Ranges with 
MIL-STD-883-C Class B 
High-Reliability Processing: 
—S...-—55°C to 110°C 
—L...0°C to 70°C 


description 


JD PACKAGE 
(TOP VIEW) 


AO-A7 Address Inputs 

CAS Column-Address Strobe 

DQ1-DQ4 Random-Access Data In/ 
Data Out/Write-Mask Bit 

RAS Row-Address Strobe 

SC Serial Data Clock 

$DQ1-SDQ4 Serial Data In/Data Out 
Serial Enable 


Transfer Register/ 
Q Output Enable 
5-V Supply 
Ground 
Write-Mask Select/ 
Write Enable 


JEDEC Standardized Pinout 


High-Speed Page-Mode Operation for Faster 
Access 


CAS-Before-RAS Refresh and Hidden 
Refresh Modes 


Low Power Dissipation 
24-Pin, 400-Mil Dual-in-line Package 


The SMJ4461 is a high-speed dual-ported 65,536 x 4 bit dynamic random-access memory with on-chip 
data registers. The two ports are the random-access port and the sequential-access port. The random- 
access port makes the memory appear to be organized as 65,536 words of four bits each, similar to the 


PRODUCTION DATA documents contain information : Copyright © 1986, Texas Instruments Incorporated 
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SMJ4464. The sequential-access port is interfaced to four internal 256-bit dynamic data registers which 
make the memory appear to be organized as 256 four-bit words of up to 256 bits each which.are accessed 
serially. 


The 256K Multiport Video RAM employs state-of-the-art scaled NMOS, double-level polysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4461 features full asynchronous dual-port accessibility except when transferring data between 
the data register and the random-access memory. 


The refresh period is four milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. Note that 
the transfer of a row of data from the memory array to the data register also refreshes that particular row. 
CAS-before-RAS and hidden refresh modes are also available. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on-chip to simplify system design. All data outs are unlatched to allow greater system 
flexibility. 


The 256K Multiport Video RAM is offered in a 24-pin dual-in-line ceramic package and is guaranteed for 
operation from —55°C to 110°C. Packages are designed for insertion in mounting-hole rows on 10,16-mm 
(400-mil) centers. 


functional block diagram 
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PERS TED AN EE HEAD AT AEE PLE GUE ALE ELE SE SE TSA RETO RG ETN KN ST PTT SRR OEE NEL LO Pe TSA TARA ANRL SH PEP TEE RAD REST TA SE, 
random port to serial port interface 
The 256K Multiport Video RAM consists of a 64K x 4 DRAM port and a 256 x 4 serial port. Each of 
the four random (DRAM) I/Os is interfaced to a 256-bit data register, which can be loaded with 256 bits 
in parallel from any row in that I/O channel’s memory and then read out sequentially, starting from one 
of 256 selectable locations along the data register. Conversely, each of the four data registers can be 
loaded serially with data from the serial input (SD) and subsequently transferred, 256 bits in parallel, into 
any row of memory for each respective DRAM 1/O channel. 


block diagram showing one random and serial interface 


bx2————— 256 Ne ST 


DO 
[COL COL | 
lo 255 | 

MEMORY ARRAY 
65,536 BITS 
SG 256 

Ete TRANSFER 

TRG Baie TRANSFER PASS GATES 

RAS 


256 


CAS 
256-BIT DATA REGISTER 


256 
sc SERIAL 
8 ADDRESS SERIAL DECODER/MUX co 


SERIAL 
SG MODE 
CONTROL 


Military Products * 


sDQ 


random-access address space to sequential-address space mapping 


The 256 bits in each of the four data registers correspond to the 256 column locations of each of the 
four random I/Os. Data can be read out of the registers starting at any of the 256 data register bit locations. 
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This tap location is selected by addresses A7 through AO on the falling edge of CAS during a transfer 
cycle between the memory array and the data registers. All registers are read out starting from the selected 
tap point proceeding from the least-significant bits to the most-significant bits. The four data registers 
are configured as circular data registers when reading their contents to the serial outputs. After the most- 
significant bit (bit 255) is read out of each register, the next bit read will be bit OO (see explanation under 
section entitled ‘serial data input/output’’). 


Note that if column address bits A7 through AO equal OO during the last memory-to-register transfer cycle, 
a total of 256 bits can be sequentially read out of each of the four data registers starting from bit position OO. 


operation 


s}onpoidg Aieiliw —" 


random-access operation 
transfer register select (TRG) 


The TRG selects either register transfer or random-access operation as RAS falls. To use the SMJ4461 
in random-access mode, TRG must be held high as RAS falls. This causes the 256 storage elements of 
each data register to remain disconnected from the corresponding 256 bit lines of the memory array. If 
serial data is to be written in or read out of the data registers, the data registers must be disconnected 
from the bit lines. Holding TRG low as RAS falls enables the 256 switches that connect the data registers 
to the bit lines and indicates that a transfer will occur between the data registers and the selected memory 
row. 


random output enable (TRG) 


During random-access operations, TRG functions as an output enable for the random outputs after the 
read access times have been satisfied (if this is a read cycle). Whenever TRG is held high, the Q outputs 
will be in the high-impedance state. This feature removes the possibility of an overlap between data on 
the address lines and data appearing on the QO outputs, making it possible to connect the address lines 
to the data I/O lines — although use of this organization prohibits the use of the early write cycle. It also 
allows read-modify-write cycles to be performed by providing a three-state condition to the common 1|/O 
pins to allow write data to be driven onto the pins after output read data has been externally latched. 


address (AO through A7) 


Sixteen address bits are required to decode one of 65,536 storage cell locations. Eight row-address bits 
are set up on pins AO through A7 and latched onto the chip on the falling edge of RAS. Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip on the falling edge of CAS. 
All row and column addresses must be stable on or before the falling edges of RAS and CAS respectively. 
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS 
is used as a chip select, activating the device input and output buffers. CAS is also used to strobe the 
column address into the memory. 


write-mask enable (WE) 


The WE pin selects the random-mode write-mask option. The SMJ4461 random port is equipped with 
two modes of write operations. If WE is held low on the falling edge of RAS (during a random access 
operation), the write mask is enabled. Accordingly, a 4-bit binary code (the mask) is input to the device 
via the random D/O pins and is also latched on the falling edge of RAS. This binary pattern determines 
which of the four DRAM I/Os will will be written into on that access and which DRAM I/Os will not. Thus, 
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after RAS has latched the write mask on chip, input data is driven onto the DQ pins and is latched on the 
falling edge of the latter of CAS or WE (for early write operation, WE can remain low for the entire 
RAS low period). If a 0 was strobed into a particular I/O pin on the falling edge of RAS, then the write 
circuits for that particular I/O will be defeated and data will not be written to that I/O. If a 1 was strobed 
into a particular I/O pin on the falling edge of RAS, then the write circuits for that particular |/O will not 
be defeated and data will be written to that I/O. See the corresponding timing diagrams for details. 


Important: The mask operation is selected only if WE is held low on the falling edge of RAS. If WE is held 
high on the falling edge of RAS, the mask is not enabled and the write operation is identical to 
standard x 4 DRAMs, with all four I/Os being written by the data appearing on the DQ pins when the 
latter of WE or CAS is brought low. Thus, if it is not desired to use the mask function, then a standard 
DRAM timing interface can be used. 


WRITE MASK FUNCTION TABLE 


4 


Write enabled at DO1-DQ04 
Write to DQ enabled 
Write to DO disabled 


NOTE 1: The logic states in the table above are assumed valid on the falling edge of RAS. 
write enable (WE) 


The read or write mode is selected through the write-enable (WE) input. A logic high on the WE input 
selects the read mode and a logic low selects the write mode. The write-enable terminal can be driven 
from standard TTL circuits without a pull-up resistor. The data input is disabled when the read mode is 
selected. When WE goes low prior to CAS, data out will remain in the high-impedance state for the entire 
cycle. 


data I/O (DQ1-DQ4) 


Memory data is written during a write or read-modify-write cycle. The falling edge of WE strobes data 
into the on-chip data latches. These latches can be driven from standard TTL circuits without a pull-up 
resistor. In an early write cycle, WE is brought low prior to CAS and the data is strobed in by CAS with 
data setup and hold times referenced to this signal. In a delayed-write or read-modify-write cycle, CAS 
will already be low. Thus, the data will be strobed in by WE with data setup and hold times referenced 
to this signal. The three-state output buffers provide direct TTL compatibility (no pull-up resistors required) 
with a fanout of two Series 74 TTL loads. Data out is the same polarity as data in. The outputs are in 
the high-impedance (floating) state as long as CAS or TRG is held high. Data will not appear at the outputs 
until after both CAS and TRG have been brought low. 


Once the outputs are valid, they will remain valid while CAS and TRG are low. CAS or TRG going high 
will return the outputs to a high-impedance state. In an early write cycle, the outputs are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. In aregister-transfer operation (memory-to-register or register-to-memory), the outputs 
remain in the high-impedance state for the entire cycle, regardless of transitions on CAS or TRG. 


write mask bits (DQ1-DQ4) 


When the write mask is enabled (WE low on the falling edge of RAS), the write mask bits determine which 

DRAM 1I/Os are to be written and which of the DRAM I/Os will have their write operations internally defeated. 

The states of the write mask bits are latched on-chip on the falling edge of RAS and selectively 

control the internal write enable circuits of each corresponding DRAM 1/O. If the write mask is not enabled 

(WE high on the falling edge of RAS), then no write enable circuits will be defeated and data appearing 

at the DO1-DQ4 pins on the falling edge of RAS will be ignored. See timing diagrams and the table under 
‘write mask enable (WE)’’ for details. 
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refresh 


A refresh operation must be performed to-each row at least once every four milliseconds to retain data. 
Since the output buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence 
avoids any output during refresh. Strobing each of the 256 row addresses with RAS causes all bits in 
each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
Note that the data registers are dynamic storage elements and that the data held in the registers will be 
lost unless SC is clocked two times or else the data is reloaded from the memory array. See specifications 
for maximum register retention times. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS (see parameter tCLRL). 
The external row address is ignored and the refresh address is generated internally. 


column-address strobe (CAS) 
The CAS input latches the column addresses on-chip and also functions as an output enable for DQ01-DQ4. 
power up 


After power up, the power supply must remain at its steady-state value for one millisecond. In addition, 
RAS must remain high for 100 us immediately prior to initialization. Initialization consists of performing 
eight RAS cycles and one memory-to-register transfer cycle with an SC cycle following the rising edge 
of TRG before proper device operation is achieved. 


sequential-access operation 
transfer register select (TRG) 


Memory operations involving parallel use (i.e., transfer from memory to data register or data register to 
memory) of the data register are invoked by bringing TRG low with the address lines AO-A7 before RAS 
falls. This enables the switches connecting the 256 elements of each data register to the 256 bit lines 
of each DRAM I/O. The states of WE and SG, which are also latched on the falling edge of RAS, 
determine whether the 256-bit data transfer will be from the memory array to the data registers or from 
the data registers to memory array, as well as determining if the SDQs are in read or write mode (see 
‘transfer operation logic table’’). 


Note that the state of TRG is latched on the falling edge of RAS just like a row address to select the mode 
of operation. During read or read-modify-write cycles, TRG functions as output enable after CAS falls. 


transfer write enable (WE) 


In register transfer mode, WE determines whether a transfer will occur from the data registers to the 
memory array, or from the memory array to the data registers. To transfer data from the data registers 
to the memory array, WE and SG are held low as RAS falls. If SG were to be high during this transition, 
then no transfer of data from the data register to the memory array would occur, but the SDQs would 
be put into the write mode. This would allow serial data to be written into the register. To transfer from 
the memory array to the data registers, WE is held high and SG is a don’t care as RAS falls. This cycle puts 
the SDQs into the read mode, thus allowing serial data to be read out of the data register. Note that WE 
and SG setup and hold times are referenced to the falling edge of RAS for this mode of operation (see 
‘transfer operation logic’’ table). 


row address (AO through A7) 


Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the data registers. (The states of AO-A7, WE, TRG, and SG are latched on the falling edge of RAS). 
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register column address (AO through A7) 


To select one of the 256 positions along each of the four data registers from which the first serial data 
will be read out, or to which the first serial data will be written, the appropiate 8-bit column address (AO-A7) 
must be valid when CAS falls during the appropriate transfer cycle. 


serial data clock (SC) 


Data is written in or read out of the data registers on the rising edge of SC. This makes it possible to view 
the data registers as though they were made of 256 positive-edge-triggered D flip-flops connected D to 

Q (not to be confused with the DQ random 1/O pins of the SMJ4461). The SMJ4461 is designed to work 
with a wide range duty cycle clock to simplify system design. 


serial data input/output (SDQ1-SDQ4) 


SD and SQ share a common 1/O pin. Data is written in when SG is low during write mode and data is 
read out when SG is low during read mode (see ‘’transfer operation logic table’’). Note that when the 
serial address counter reaches its maximum value of 255, it is reset back to OO with the next positive 
transition of SC. This allows data to be read out in a continuous loop. 


block diagram of one serial |/O 
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serial enable (SG) 


The serial enable pin has two functions. First, it is used on the falling edge of RAS, with both TRG and 
WE low. If SG is low during this transition, then a register-to-memory transfer will occur. On the other 
hand, if SG were to be high as RAS falls, then a write-mode control cycle will be performed. The function 
of this cycle is to switch the SDQs from the output mode to the input mode, thus allowing serial data 
to be written into the data register. Second, SG is used as a SDQ enable/disable. In the write mode, SG 
is used as an input enable. SG high disables the input, and SG low enables the input. To take the device 
out of the write mode and into the read mode, a memory-to-register transfer cycle must be performed. 
The read mode allows data to be read out of the data register. SG high disables the output and SG low 
enables the output. Note that the serial address counter will be incremented on each SC cycle regardless 
of the state of SG. 


TRANSFER OPERATION LOGIC TABLE 


Register-to-memory transfer 


Write-mode enable 
Memory-to-register transfer 


NOTE 2: The logic states in the table above are assumed valid on the falling edge of RAS. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range for any pin except Vpp and data out (see Note 3) ................ -1.0Vto7V 
Voltage range for Vpp supply with respect to VSS ..........-.. 2c eee eee ee ees =-1Vto7V 
Voltage range for data out with respect to VSS.............. spe aha a ae -1Vto Vpp + 0.3 V 
Short cimault Giutret current per Cutout... . os nS Ee a ees FE we 50 mA 
PERRY CM esse See sors Bh a Nw ste eae areca apy sa ee ee re edn ea ea 1W 
Cperating teriperatre TONGS a OPS i a ae es ~§5 °C to 110°C 
Prine: SURI PIII. hee so SS 5 Fo aeta woe ee ee ele eee ~68"C to.150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘““Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


NOTE 3: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 
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_ NOTE 4: The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this data sheet for 


Vpp Supply voltage 
Vss_ Supply voltage 


All inputs except SC 
36 


Vii Low-level input voltage (see Note 4) - 
Ta Operating free-air temperature 
Tc Operating case temperature 


Vi High-level input voltage 


logic voltage levels only. 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


PARAMETER = anion athiEon UNIT 
CONDITIONS MIN TYPt MAX 


‘Vou Hightevel output voitege =| lon= -5mA 
[Vou Low-level output voltage | lor=42mAOOSOC~—SOSOSOSCSCCSCSC~“‘“ SE 


+1 
Pa 
Average operating current 
80 
75 
80 


Ipp1 during read, write or transfer 
cycle (serial port in standby) 


Standby current After 1 memory cycle, RAS, CAS, SC, and SG = 2.4 V, 

DD2 (total, both ports) No load on DQ and SDQ pins 

PRI Ra gy 2s Reet Minimum cycle time, RAS < 0.8 V, CAS = 2.4 V, 45 

DD3 . No load on DQ and SDO pins é 

IDD5 Memory array in standby 70 


Average page-mode current Minimum cycle time, RAS < 0.8 V, CAS cycling, 

(serial port in standby) No load on DQ and SDQ 

and register shifting pe 
| Worst case average current Re eens Dene on hek poe 
DDG : ? No load on DQ and SDO pins 


Average current with 
TAIl typical values are at Ta = 25°C and nominal supply voltages. 


Mininum cycle time, No load on DQ and SDOQ pins 


IDD4 


te(Sc) = MIN, RAS and CAS = 2.4 V, 
No load on DQ and SDQ pins 


capacitance at 25°C with nominal supply voltage, f = 1 MHz 


PARAMETER* MIN TYP MAX UNIT 
Cia) Input capacitance, address inputs 
Ci(RC) ‘Input capacitance, strobe inputs 


Ci(we) Input capacitance, write enable input 


RSbeaii Ree 20, SS: 

barr cc ce ag ge Mi Re 

fae: BES SLL. 
eRe ane dec ee ETA Sam eee. ONS ES. alll 
eens Fe a wea 

Bees meen Oe ran 


Ci(sG) 'nput capacitance, serial enable 
Ci(TRG) Input capacitance, transfer register input 
Co Output capacitance 


+Capacitance data collected for major design or process changes only. 


switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(see Figure 1) 


PARAMETER — cnermacd idl PEP 
CONDITIONS SYMBOL| MIN MAX | 


ta(C) Access time from CAS Cy = 80 pF, trict = MAX 
ta(R) ___ Access time from RAS CL = 80 pF, trict < MAX trac | ——s—«s150_—| 


Military Products = 


ta(TRG) Access time of DO from TRG low CL = 80 pF 


Ce a eT ene 
taisG) _AccesstimeofSQfromSGlow | = 80RF | 
[tdis(cH) Random-outputdisable time fromCAShigh| C= 80eF torr | O80 
‘tdis(TRG) Random-output disable time fromTRGhigh| C= 800F | | 80 
tdis(SG) Serial-output disable time fromSGhigh | Cu=800F | | 80 
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timing requirements over recommended supply voltage and operating free-air temperature ranges 


SMJ4461-15 


UNIT 


tsu(WCH) Write-command setup time before CAS high 
tsu(WRH) Write-command setup time before RAS high 


th(CLCA) Column-address hold time after CAS low . 
Row-address hold time 


th(RHrd) Read-command hold time after RAS high 


Continued next page. 
NOTES: 5. Timing measurements referenced to Vj, max and Vj} min. 
6. System transition times (rise and fall) are to be a minimum of 3 ns and a maximum of 50 ns. 
TAIl cycle times assume ty = 5 ns. 
tin aread-modify-write cycle, tc. and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(cL)). : . 
Sin a read-modify-write cycle, tRLWL 2Nd tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 


RAS low time (tw(RL))- 
i, 
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timing requirements over recommended supply voltage and operating free-air temperature ranges 


(continued) 


ALT. 
SYMBO 


Fg 


th(CcLW) _Write-command hold time after CAS low tWCH 
th(RLW) Write-command hold time after RAS low twcrR 


th(WQE) TRG hold time after WE low 
Serial data-in hold time after SC high 


Serial data-out hoid time after SC high 0 

TRG hold time after RAS low 

DQ hold time after RAS low with TRG high and WE low 
SG hold time after RAS low with TRG and WE low 

WE hold time after RAS low (write mask select) 

Delay time, RAS low to CAS high tcsH 
Delay time, CAS high to RAS low 

Delay time, CAS low to TRG high 

Delay time, CAS low to RAS high 

Delay time, CAS low to WE low (read-modify-write cycle only) 1 


Delay time, RAS low to TRG high __‘| Early load# 
(memory-to-register transfer cycle) | Mid-line real-time load © 


em fet fet fet fet fee 
a ag ag 3 
eBBEBE 


a> 
P 
rf 
(2) 
pas 


om 1 wt 

ae 
@) 

+ iz 

6 ral 

= B 

Oo im ®] 
~ 
ao 


ce je ie 
Z (6 |6 
4 js jz 

= |x 


; Delay time, RAS low to the first positive transition of SC after 
RLSH TRG high (register transfer cycle) 


tTHRL Delay time, TRG high to RAS low after a transfer cycle 
Delay time, CAS low to the first positive transition of SC after 
TRG high (register transfer cycle) 


Delay time, SC high to RAS low with TRG and WE low 
(register-to-memory transfer cycle) | 


tCLSH 


tSHRL 


Military Products = 


tSHTH Delay time, SC high to TRG high (memory-to-register transfer cycle) * 


Continued next page. 

NOTE 5: Timing measurements are referenced to Vj, max and Vj} min. 

{ TRG must disable the output buffers prior to applying data to the device. 

# TRG may be brought high early during a memory-to-register transfer cycle as long as the th( TRG), tSHTH, 2nd tRLSH specifications are met. 

| ina register-to-memory transfer cycle, the state of SC when RAS falls is a don’t care condition. However, to guarantee proper sequencing 
of the internal clock circuitry there can be no positive transitions of SC for at least 40 ns prior to when RAS goes low. See the section entitled 
‘sequential access operation”’ for a complete explanation of the transfer operation. 

¥ In amemory-to-register transfer cycle, the state of SC when TRG rises is a don’t care condition. However, to guarantee proper sequencing 
of the internal clock circuitry there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high. See the section entitled 
‘‘sequential access operation’’ for a complete explanation of the transfer operation. 

OThis parameter is guaranteed but not tested. 
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timing requirements over recommended supply voltage and operating free-air temperature ranges 
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Delay time, RAS low to CAS low (maximum value specified only 
to guarantee RAS access time) 
Delay time, CAS low to TRG low (maximum value specified 
to guarantee column access time) 
tRLWL _ Delay time, RAS low to WE low (read-modify-write cycle only) 
tCLRL _— Delay time, CAS low to RAS low (CAS-before-RAS refresh) 
tRLCHR Delay time, RAS low to CAS high (CAS-before-RAS refresh) 
Delay time, SG low to SC high during serial data-in shift cycle 
Delay time, TRG high before data applied at DO 
Refresh time interval, memory array 
trf(SR) Refresh time interval, shift register 


NOTE 5: Timing measurements are referenced to Vj, max and vip min. 


PARAMETER MEASUREMENT INFORMATON 


R, = 2180 R, = 8280 
<= OUTPUT 
— OUTPUT UNDER 
| UNDER TEST 
TEST CL = 80 pF 
< C = 80 pF R2 = 2950 
2 — 
= 
2) = = 
= 
° (a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 
w” 


FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS 
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delayed write cycle timing, mask unselected 
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page-mode write write cycle timing, write mask unselected 
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NOTE 7: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late write 
feature is used to guarantee page-mode cycle time. 
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page-mode write cycle timing, write mask selected 
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NOTE 8: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late write 
feature is used to guarantee page-mode cycle time. Timing also assumes that only those I/Os selected by D0 1-DQ4 on the falling 
edge of RAS are written during page-mode operation. 
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RAS-only refresh timing 
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CAS-before-RAS refresh 
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write-mode control timing 


The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This allows 
serial data to be written into the data register. The diagram below assumes that the device was originally in 
the serial read mode. 
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NOTES: 9. Random-mode (Q outputs) remain in 3-state for the entire write-mode control cycle. 
10. SG must be high as RAS falls in order to perform a write-mode control cycle. 
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data-register-to-memory timing, serial input enabled 


The data-register-to-memory cycle is used to transfer data from the data register to the memory array. Every 
one of the 256 locations in the data register is written into the 256 columns of the selected row. Note that 
the data that was in the data register may have arrived there either from a serial write in or from a parallel 
load of the data register from one of the memory array rows. The diagram below assumes that the device 
is presently in the serial-write mode (i.e., SD is enabled by a previous write-mode control cycle, thus allowing 
data to be written in). 
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NOTES: 11. Random-mode (Q outputs) remain in 3-state for the entire dare-repletersto-mernory transfer cycle. 
12. SG must be high as RAS falls in order to perform a register-to-memory transfer. 
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memory-to-data-register timing 


The memory-to-data-register cycle is used to load the data register in parallel from the memory array. Every 
one of the 256 locations in the data register are written into from the 256 columns of the selected row. 
Note that the data that is loaded into the data register may be either read out or written back into another 
row. This cycle puts the device into the serial read mode (i.e., the SQ is enabled, thus allowing data to 
be read out of the register). 

Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 
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NOTES: 13. Random-mode (Q outputs) remain in 3-state for the entire memory-to-data-register transfer cycle. 
14. Column address must be supplied to load register start address on every transfer cycle. 

15. The first positive transition of SC after TRG has gone high during a memory-to-register transfer cycle is used to read the first — 

bit of new data. 
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serial data-in timing 
The serial data-in write cycle is used to write data into the data register. Before data can be written into the 
data register via SD, the device must be put into the write mode by performing a write-mode control cycle. 
Register-to-memory transfer cycles occurring between the write-mode control cycle and the subsequent 
writing in of data will not take the device out of the write mode. But amemory-to-register transfer cycle during 
that time will take the device out of the write mode and put it into the read mode, thus not allowing the writing 


in of data. 
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NOTE 16: While writing data into the data register, the state of TRG is a don’t care as long as TRG is held high when RAS goes low. This is to 
avoid the initiation of a register-to-memory or memory-to-register data-transfer function. 
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serial-data-out timing 


The serial data-out read cycle is used to read data out of the data register. Before data can be read out via 
SQ, the device must be put into the read mode by performing a memory-to-data-register transfer cycle. Register- 
to-memory transfer cycles occurring between the memory-to-register transfer cycle and the subsequent 
reading out of data will not take the device out of the read mode. But, a write-mode control cycle at that time 
will take the device out of the read mode and put it in the write mode, thus not allowing the reading out of data. 
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NOTE 17: While reading data out of the data register, the state of TRGis adon’t care as long as TRG is held high when RAS goes low. This is to 
avoid the initiation of a register-to-memory or memory-to-register data-transfer operation. 


sjonpoig AsezyIIN ° 


8-114 TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


SMJ4464 
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 


SEPTEMBER 1987 


65,536 x 4 Organization JD PACKAGE 
(TOP VIEW) 


Single 5-V Supply (10% Tolerance) 
JEDEC Standardized Pinout 


Pinout Identical to SMJ4416 (16K x 4 
Dynamic RAM) 


@ Performance Ranges: 
ACCESS ACCESS READ _ READ- 
TIME TIME OR MODIFY- 
ROW COLUMN WRITE’ WRITE 
ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) 


SMJ4464-12. 120ns 60 ns 230ns 320ns FV PACKAGE 
(TOP VIEW) 


SMJ4464-15 150 ns 75 ns 260ns 345 ns 
SMJ4464-20 200 ns 100 ns 330ns 435 ns 


Long Refresh Period . . . 4 ms (Max) 


Low Refresh Overhead Time. . . As Low As pa23 16] CAS 
1.3% of Total Refresh Period wi{]4 15(] pa3 
RAS |[J5 14[] ao 
On-Chip Substrate Bias Generator aetlé 1301 at 
All inputs, Outputs, and Clocks Fully TTL A5\J7 12L] a2 


Compatible 1011 


ml a= 
SO 
qi <a 


8 
3-State Unlatched Output + 
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Early Write or G to Control Output Buffer 
Impedance 


NOTE: Pin 1 indicator on back. 


Page-Mode Operation for Faster Access 


AO-A7 Address Inputs 
CAS Column-Addreess Strobe 
DQ1-DQ4 Data In/Data Out 


Power Dissipation As Low As: 
— Operating. .. 275 mW (Typ) 
— Standby... 12.5 mW (Typ) ssalecneckes ais 
RAS-Only Refresh Mode RAS Row-Address Strobe 
ae aT 5-V Supply 
CAS-Before-RAS Refresh Mode 


Ground 
Write Enable 


description 


The SMJ4464 is a high-speed, 262,144-bit dynamic random-access memory, organized as 65,536 words 
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


This device features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 275 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. IpDp peaks of 125 mA are typical, and a —0O.7-V input 
voltage undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated 

nig o of peeneasee nate a —— TE ap 

to specifications per the terms of Texas Instrumen XAS 
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The SMJ4464 is offered in 18-pin 300-mil ceramic side-braze dual-in-line and 18-pad leadless ceramic 
chip carrier packages. It is guaranteed for operation from —55°C to 110°C for the S version and from 
O°C to 70°C for the L version. The dual-in-line package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers). 


operation 


sjonpoig Ale ~k 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set 
up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select, activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle, permitting 
common |/O operation. 


data in (DQ1-DQ4) 


Data is written during a write or a read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or a read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In a delayed or read-modify write cycle, G must be high to bring the output buffers 
to high impedance prior to impressing data on the |/O lines. 


data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output 
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G 
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output 
must be put in the high-impedance state prior to applying data to the DQ input. This is accomplished by 
bringing G high prior to applying data, thus satisfying tGHD. 


output enable (G) 


The G input controls the impedance of the output buffers. When G is high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers, putting them 
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low-impedance state they will remain in the low-impedance 
state until G or CAS is brought high. 


i 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 
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operation (continued) 
CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and 
holding it low after RAS falls (see e parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 


power up 


To achieve proper device operation, an initial pause of 200 us is required after power up, followed by a 
minimum of eight initialization cycles. 


logic symboltT 


RAM 64K X 4 
AO 20D8/21D0 
Al 
A2 
A3 
Ad 
A5 
A6 
A7 


RAS 


Military Products - 


tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


ROW 
2K 
32K ARRAY DECODE 32K ARRAY 
256 SENSE AMPS pina 256 SENSE AMPS 
32K ARRAY — 32K ARRAY 
DECODE 


COLUMN DECODE Besse Et 


32K ARRAY ROW 32K ARRAY 
DECODE 

32K ARRAY —_ 32K ARRAY 
DECODE 


ROW 
ADDRESS 
BUFFERS 
(8) 


0 
BUFFERS 
(4) 


DQ1-DQ4 
COLUMN 
ADDRESS 
BUFFERS 
(8) 


A4 
A5 
A6 
A7 


absolute maximum ratings over operating temperature range (unless otherwise noted) tT 


Voltage on any pin including Vpp supply (see Note 1).................22.2 00088 —1Vto7V 
ot erg MGM Melt) o 31 t. e S g a | ee ere Re nS Fam on ara Ci gai Ee Rereer aR LS os oe ge >it ac ae ne 50 mA 
OI TEE eG SIERO fg one OR ee Oak ace REND REE Seas Seog een Ai PES ee ne a 1 W 
Minimum operating free-air temperature: S version. ...... 0.2... 00. ee ee ee =55:°C 

Mr RINE 8 gg 3 enh ag ak EL Sov aS RS oT ok hod Sp O°C 
Maximum Operating case temperature: S: Version’ go ae ee eS ae perme 110°C 
b ceepee eer cet ct ot Sa a ee ae Oe a | 70°C 
Siprage temperature Tange -.o os SS wo a, oe oe es eae oe 3.65 °C: to- 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


S VERSION L VERSION 
[_MIN_NOM MAX | MIN NOM Max | 

Vp Supply voltage er ee eae ee 5 55 

Vss_Supply voltage yO aE Sew eer es ey 


[ra Operating free-air temperature ———SSSC*dC BB 
[Tc Operating case temperature —SSC~“—~‘iSC“‘(SCSSSCCO CC 


NOTE 2: The algebraic convention, where the negative (less positive) limit is designated as maximum, is used in this data sheet for logic 
voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


SMJ4464-12 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPT MAX 


VOH High-level output voltage ion = 5 mA 
VoL Low-level output voltage lo. = 4.2 mA ; 
I Input current (leakage) OVto5.8V, Vpp = 5 V, All outputs open 


Vi = ' 
lo Output current (leakage) Vo = 0V to 5.5 V, Vpp = 5 V, CAS high 


Average operating current } 
IDD1 ; ; tc = minimum cycle, All outputs open 65 80 mA 
during read or write cycle 
After 1 memory cycle, RAS and CAS high, 
Ipp2.- Standby current 2.5 8 
All outputs open 
te = minimum cycle, RAS low, CAS high, 
Ipp3 Average refresh current mA 
All outputs open 
tc(P) = minimum cycle, RAS low, CAS cycling, 
Ipp4 Average page-mode current 
All outputs open 


Manoa 
PARAMETER TEST CONDITIONS — lahat UNIT 


MIN TYPt MAX | MIN TYPT MAX 
Von High-level output voltage | Ion = —5 mA 
Voi Low-level output voltage _| lo. = 4.2 mA Se a eee 


Vi; = OVto 5.8 V, Vpp = SV, 
I Input current (leakage) +10 +10 pA 
All outputs open 
Output piieteedte oo ee er ey Sth +10.| = pA 
ut current (leakage ipareiae + + 
0 Se ; CAS high 2 
Average operating current Cn 
IpDD1 : ; te = minimum cycle, All outputs open 55 70 mA 
during read or write cycle 
After 1 memory cycle, RAS and CAS 
Ipp2 Standby current 20 8 Pathe 8 mA 
high, All outputs open 
te = minimum cycle, RAS low, CAS 
Ipp3 + Average refresh current ; 45 55 mA 
. high, All outputs open 
tc(P) = minimum cycle, RAS low, CAS 
Ipp4 Average page-mode current ‘ 40 50 30 40 mA 
cycling, All outputs open 


TAI typical values are at Ta = 25°C and nominal supply voltages. 
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capacitance over recommended supply voltage range and operating temperature range, f = 1 MHz 


SMJ4464 
PARAMETER 


TYPt MAX 


Ci(A) Input capacitance, address inputs 


Ci(RC) Input capacitance, strobe inputs Re Ses 
Cijw) Input capacitance, write enable input ce ee 
Ci/o Output capacitance a ees 


TAll typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating temperature range 


t ALT. SMJ4464-12 
PARAMETER TEST CONDITIONS SYMBOL MIN MAX UNIT 
a aee t = MAX, Ci = 80 pf, | = —5 mA, 
antealh t = MAX, Ci = 80 pF, | = —5 mA, 
ta(R) Access time from RAS a. FE BAT ‘ OH tRAC Sema 


120 
taiG) 3 Access time after G low C_ = 80 pF, Ion = -5 MA, lo, = 4.2 mA 
tdis(CH) Output disable time after CAS high | Cy = 80 pF, Ion = —5 MA, Ic, = 4.2 mA 
tdis(G) | Output disable time after G high C_ = 80 pF, Ion = —-5 MA, lo, = 4.2 MA tGOFF 


switching characteristics over recommended supply voltage range and operating temperature range 


ALT. SMJ4464-15 | SMJ4464-20 
PARAMETER TEST CONDITIONS* SYMBOL MIN MAX | MIN MAX | UNIT 


t = MAX, Cy = 80 pF, 
ta(C) Access time from CAS ae eo a 4 near 
OH = —_ F OL = P 


daca t = MAX, Ci = 80 pF, 
ta(R) Access time from RAS oe 5 mA. | . z 4 me tRAC 
CHE — rh? ; aioe! 


1a C_ = 80 pF, | = —5 mA, 
ta(G) ® _Access time after G low asf * ae ee a ee 
2 seieenict 3 Cy = 80 pF, lon = —-5 mA, 
tdis(CH) Output disable time after CAS high jim Ae me tOFF ¢) 30 
— CL = 80 pF, | = -5 mA, 
tdis(G) | Output disable time after G high 3 oe eR 2 tGOFF 


+ Figure 1 shows the load circuit; C, values shown are typical for test system used. 
§t3(C) and ta(R) must be satisfied to guarantee ta(G). 
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timing requirements over recommended supply voltage range and operating temperature range 


Sinisa 
syMBOL| MIN MAX. 

te(P) Page-mode cycle time 120 aes 
[te(Pnt) _Page-mode cycle time (readmodify-wite cycle) ——S=SCS~S*~S*S*~*~C tem | 208 CdC 
ugg, Wades! 0 ek eS eet tee eee | 
haus (Wits Olen ee et ee eae ee 
320 [ns 
PtwiCHJP Pulse duration, CAS high (page mode) ———SSSCSC~“~‘“‘“~*~*‘“~*~*~*~«~*rSC#(«*dSCSSSC*dC 
[twich) Pulse duration, CAS high (nonpage mode) —————SSSSSSSSSS*dt tcp | 8d 
PtwiCl) Pulse duration, CAS1ow? ——SSSSCSC*~C~“~*S*~*~“~*~*~*S*~S~S~* cag | 60 10,000 [nw 
Fiat, Panegueton, AAS an ae Po ee 
Ptwiht) Pulse duration, RAS lowf SSSSCS~“~CS*‘“‘~‘C*~“‘~‘“~Sst*~‘*~*~*~*~*S*~dCT Rg | 120 90,000] nw 
tg Wie mameduaion fy | ee 
Fteu(ca) _Golumn-address setuptime ——=S~—~—~—SCSC—~—CSCSC‘CSC~C~S*SCS asc Cd 
Mea) Rod aiden am cr Te 
Sei Oates 
Fteu(ra) Read-command setup time ——SCSCSCS~—~—S~—SCSSS aegis 
Psu) Early-write command setup time before CASlow ——~—~SC~*~“~*~‘~dtC cg Pd 
Pteutwou) Wite-command setup time before CAS High —SSSSCSC~“~sC SY Sd 
Peutway Write-command setup time before RAS high —SSSSSCSC~dtCT Ad 
Pincay Colurmn-address hold time after CAS low ———SSSCS~S~C~Ss~C‘~*~S~d tat | 2d 
[tnita) _Row-addresshold time —SSSCS~C~S ta | td 
Ptyuca) Colurmn-address hold time after RASIow ——SsSCSsCS*~=“‘~‘“~*~*~‘“‘“‘~*~*dtC ta SY BCC 
Tycip) Date hold tine after CASow Yt 
PiyRipy Data hold time after RAS iow SSCS 9d 
Fn wi) Data hold time atterWiow SSSCSCSC~S~—C—CSCS to | 
Pichia) Reed-command hold time after CAS high ——SSCSCSC~“~“~*~“~“~*~*~rC ac ds 
tnrirgy —Read-command hold time after RAS high —~—SCSC~S~S~<~S*~S~sC a | ids 
Pivcuw) _Wirite-commend hold time after CAS low SS ten | 88 
Pinruw) _Write-command hold time after RAS iow ———SSSSCSC~C~*~*~dC ek | 9d 
Pacha Delay time, RAS iow to CAS high’ SSS tc 2 
tac Delay time, RAS low to CAShigh —SSSCS~—~SCS~CSsS~S tc gts | 20d 
Ptcum, Delay time, CAS high to RAS low ————SCSC~S~—SsSSS tcp fd 
[anc Delay time, RAS high to GASlow) SSS* tach | Od 
tc Delay time, CAS low to RAS high ———SSCSC~“~*~*~‘“*S*~*~*~‘“~*~*~dC Rg Gd 
FtcLwi Delay time, CAS low to W low (read-modify-wite cycle onvi®@ ———~—~S~*dCtcwp 100 «dC 
cum, Delay time, CAB owtoRABiow! dtc | 
ich. Delay time, RAS low i CAS low (maximum value specified only s 80 

to guarantee access time) 

tRLWL _ Delay time, RAS low to W low (read-modify-write cycle only)* a eS or eee 

tGHD Delay time, G high before data applied at DO re ee 

trf Refresh time interval i ee ee 


T All cycle times assume ty = 5 ns. 

t In a read-modify-write cycle, tcLWL Nd tsy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL))- 

8 In a read-modify-write cycle, try wi and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 

{ CAS-before-RAS refresh option only. 

#G must disable the output buffers prior to applying data to the device. 

NOTE 3: System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 
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timing requirements over recommended supply voltage range and operating temperature range 


tGHD Delay time, G high before data applied at DO 25 


T All cycle times assume ty = 5 ns. 


t In a read-modify-write cycle, tcLWL and tsyu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL))- 

§ in a read-modify-write cycle, tRLWL and tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw (RL))- 

{ CAS-before-RAS refresh option only. 

#G must disable the output buffers prior to applying data to the device. 

NOTE 3: System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 
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PARAMETER MEASUREMENT INFORMATION 


loHOL 
OUTPUT 
UNDER TEST . 


FIGURE 1. TYPICAL LOAD CIRCUIT 
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read cycle timing 
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write cycle timing 
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A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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262,144 x 4 Organization 
Single 5-V Supply (10% Tolerance) 


@ Performance Ranges: 


ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 


ta(R) ta(c) ta(CA) WRITE 
(trac) (tcac) (tcaa) CYCLE 
(MAX) (MAX) (MAX) (MIN) 


SMJ44C256-12 120 ns 35 ns 60 ns 230ns 
- SMJ44C256-15 150 ns 45 ns 75 ns 270ns 


@® SMJ44C256 — Enhanced Page Mode 
Operation 


CAS-Before-RAS Refresh 


@ Long Refresh Period... 
512-Cycle Refresh in 8 ms (Max) 


3-State Uniatched Output 

Low Power Dissipation 

Texas Instruments EPIC™ CMOS Process 
All Inputs and Clocks Are TTL Compatible 


High-Reliability Ceramic 20-Pin 300-Mil-Wide 
DIP or 20/26-Lead Ceramic Surface Mount 
(CSOJ) Package 


@ -55°C to 125°C Operating Temperature 
Range 


@ Standard and Class B Processing 
—SM44C256 . . . Standard 
—SMJ44C256 ... Class B 


description 


The SMJ44C256 is a high-speed, 1,048,576-bit 
dynamic random-access memory organized as 
262,144 words of four bits each. It employs 
state-of-the-art EPIC™ (Enhanced Process 
Implanted CMOS) technology for high 
performance, reliability, and low power at a low 
cost. 


»peration 


enhanced page mode 


SMJ44C256 


JD PACKAGE 


(TOP VIEW) 


HJ PACKAGE? 
(TOP VIEW) 


TThe packages shown here are for pinout reference only. 
The HJ package is actually 75% of the length of the JD 
package. 


Address Inputs 
Column-Address Strobe 
Data In/Data Out 
Data-Output Enable 


Row-Address Strobe 
Test Function 

Write Enable 

5-V Supply 

Ground 


FEBRUARY 1988 


262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 


Military Products 5 PRODUCT PREVIEW 


Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold, and address multiplex is thus eliminated. 
The maximum number of columns that may be accessed is determined by the maximum RAS low time and 
the CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns specified by column 
addresses AO through AQ can be accessed without intervening RAS cycles. 


PIC is a trademark of Texas Instruments Incorporated. 
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1,048,576 x 1 Organization 
Single 5-V Supply (10% Tolerance) 


Performance Ranges: 


ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 


taiR)  ta(C)  ta(CA) WRITE 
(trac) (tcac) (tcaa) CYCLE 
(MAX) (MAX) (MAX) (MIN) 


SMJ4C1024-12 120ns 35ns 60 ns 230ns 
SMJ4C1024-15 150ns 45ns 75 ns 270ns 


@® SMJ4C1024 — Enhanced Page Mode 
Operation 


CAS-Before-RAS Refresh 


@ Long Refresh Period... 
512-Cycle Refresh in 8 ms (Max) 


3-State Uniatched Output 

Low Power Dissipation 

Texas Instruments EPIC™ CMOS Process 
All Inputs and Clocks Are TTL Compatible 


High-Reliability Ceramic 18-Pin 300-Mil-Wide 
DIP or 20/26 Ceramic Surface Mount (CSOJ) 


Package 
@® -55°C to 125°C Operating Temperature 
Range 
. TThe packages shown here are for pinout reference only. 
@ Standard and Class B Processing The HJ package is actually 75% of the length of the JD 
—SM4C1024.. . Standard package. 


—SMJ4C1024... Class B 


description 


The SMJ4C 1024 is a high-speed, 1,048,576-bit 
dynamic random-access memory organized as 
1,048,576 words of one bit each. It employs 
state-of-the-art EPIC™ (Enhanced Process 
Implanted CMOS) technology for high 
performance, reliability, and low power at a low 
cost. ; 


»peration 


enhanced page mode 


SMJ4C1024 


1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY 


FEBRUARY 1988 


JD PACKAGE 


(TOP VIEW) 


HJ PACKAGEt 
(TOP VIEW) 


PRODUCT PREVIEW 


Address Inputs 

Column-Address Strobe 
_ Data In 

No Connection 


Data Out 
Row-Address Strobe 
Test Function 

Write Enable 

5-V Supply 

Ground 
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Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The 
maximum number of columns that may be accessed is determined by the maximum RAS low time and 
the CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns specified by column 
addresses AO through AQ can be accessed without intervening RAS cycles. 


PIC is a trademark of Texas Instruments Incorporated. 


PRODUCT PREVIEW documents contain information . 
on products in the formative or design phase of 4 
development. Characteristic data and other TEXAS 
specifications are design goals. Texas Instruments IN STRUMENTS 
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SMJ27C€128 
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


AUGUST 1986—REVISED JULY 1987 


Organization ... 16K x8 J PACKAGE 


(TOP VIEW) 


Single 5-V Power Supply 


Pin Compatible with Existing 64K and 
128K EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 
SMJ27C 128-20 200 ns 
SMJ27C128-25 250 ns 
SMJ27C 128-30 300 ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc =5.5 V) 
—Active .. . 220 mW Worst Case 
—Standby ... 1.7 mW Worst Case 


(CMOS-Input Levels) Aidiads ingike 
@® Temperature Range... Chip Enable/Power Down 
— 55°C to 125°C Output Enable 
Ground 
description Program 
‘ , Outputs 
The SMJ27C128 series are 131,072-bit, nie 
-V Power Supply 


ultraviolet-light | erasable, electrically 12.5-V Power Supply 
programmable read-only memories. These 
devices are fabricated using HVCMOS 
technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL 
circuits without the use of external pull-up resistors, and each output can drive one Series 54 TTL circuit 
without external resistors. The data outputs are three state for connecting multiple devices to a common 
bus. The SMJ27C1 28 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in- 
line ceramic package (J suffix) rated for operation from —55°C to 125°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed individually, in blocks, or at random. 
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operation 
There are seven modes of operation for the SMJ27C1 28 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 


PRODUCTION DATA documents contain information ° Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform 
ificati the terms of Texas Instruments 8-137 
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SMJ27C€128 
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


FUNCTION Sauer — P Siar 
utpu rogram 
(PINS) . Standby Programming Verify 4 eee 
Disable Inhibit Mode 
ViL oe | et ee ee “iy 


TX can be Vit or Vip. 
tv = 12V 40.5 V. 


read/output disable 


When the outputs of two or more SMJ27C128’s are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from the competing outputs of the 
other devices. To read the output of the SMJ27C128, a low-level signal is applied to the E and G pins. 
All other devices in the circuit should have their outputs disabled by applying a high-level signal to one 
of these pins. Output data is accessed at pins Q1 to Q8. 


power down 


Active ICC current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 300 nA (CMOS-level inputs} 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the SMJ27C1 28 is erased by exposing the chip through the transparent lid to higt 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (U\ 
intensity X exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwat per square 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be notec 
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
SMJ27C128, the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic ‘1’ state), logic ‘O’s are programmed into the desired locations. A programme: 
‘O’ can only be erased by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to O8. Onc: 
addresses and data are stable, PGM is pulsed. The programming mode is achieved when Vpp = 12.5 V 
Vcc = 6.0 V,G = Vip, PGM = Vij_, and E = Vj. More than one SMJ27C128 can be programmed wher 
the devices are connected in parallel. Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse i 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified 
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, SMJ27€128 
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp =12.5 V. When the 
full fast programming routine is complete, all bits are verified with Vcc =Vpp =5 V (see Figure 1). 
program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin or PGM pin. 

program verify 

Programmed bits may be verified with Vpp = 12.5 V when G = Vj,, E = Vi, and PGM = Vjp. 
signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10) i.e., AO = Vi_ — manufacturer; AO = Vip, — device. All other addresses must be held at Vii. Each 
byte possesses odd parity on bit Q8. The manufacturer code for this device is 97, and the device code is 04. 


ADDRESS = 
FIRST LOCATION YES FAIL DEVICE 
FAILED 
Vc 6V 
2.5 PASS 


pO NO INCREMENT 
ESS? 
PROGRAM ONE ADDRESS 
1 ms PULSE 
YES 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 


FAIL DEVICE 
FAILED 


YES 


DEVICE 
PASSED 


VERIFY 


FAIL ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbol! 


EPROM 16,384 X 8 


AO (10) 0 

AT (9) 

2 

re (6) (11) 

A4 Q1 
A5 (5) (i2) Q2 
ee oo 
ag 25) (ie) O° 
AQ (24) (17) 06 
A10 a or Q7 
A11 (2) as 
hg (26) 

abs (20) — 


[PWR DWN] 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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absolute maximum ratings over operating temperature range (unless otherwise noted)? 


Supaly voltage tange.. Vor jeoeavete Ty... . oso. ete GA es Pg eer ee as -0.6 Vto7V 
Supply: voltege-fange;Vpp (see-Note. 1). > ae OS i wipe els Oo eee es -0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except AQ..................... —-0.6 V to6.5 V 

PD 6 a Bee eS, Noe ase eae Re ee ae -—0.6 V to 13.5 V 
Output voltage range: (sed Note ct? 5.6 4 eae ey a ss ea =0.0 Vito Voc +1 V 
Minin: Gperatind Tree-ait: FOmperature. ocak is he ee a A ew te a ne ape hab eens ='§5°C 
Operating ‘Goes TOMinerauire 2s en Ss sons ye SE ee FO a Pee Silin« Qwtee tee ho int Bh A209 °C 
Storane *empersture range. = Sr oro lee ee I ad ee ~ 65°C to 450°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 

TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 


8-140 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 1443 @® HOUSTON. TEXAS 77001 


SMJ27€128 
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


SMJ27C128-20 
SMJ27C128-25 
SMJ27C128-30 


Vcc Supply voltage (see Note 2) es Tes eae AS 
Vpp Supply voltage (see Note 3) 

7 : 2 Vec+ 
ViH High-level input voltage 


V Low-level input voltage 2 . 
IL pti acilee tie, CMOS GND -0.2 GND +0.2 
TA Operating free-air temperature Be on et in oe oe 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + |pp. 
During programming, Vpp must be maintained at 12.5 V (+0.5V). 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 


Vpp = Vcc = 5.5 V 


Vpp supply current* 

ales cc td Vpp = 13 V 30 50| mA 
(during program pulse) 
Vcc supply current TTL-input level Vcc = 5.5 V,E = Vin See eee 
(standby) CMOS-input level Vec = 5.5V,E = Vcc 300 


Vcc = 5.5V,E = Vit, 
Vcc supply current (active) tcycle = minimum cycle time, mA 
outputs open 


tTypical values are at Ta = 25°C and nominal voltages. 
+This parameter has been characterized at 25°C and is not tested. 
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capacitance, Tc = 25°C, f = 1 MHz? 


PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 
Via OV. f= 1 Mi 
Vo = OV. f= 1 Mi 


tT Capacitance measurements are made on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 


Peep Ore ieee o 
Pie eee ns 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 


ta(A) Access time from address 
ta(E) Access time from chip enable 


ten(G) Output enable time from G 


Output disable time from G or 


tdj = 
dis E, whichever occurs first? 


Output data valid time after 
ty(A) change of address, E, or 


G, whichever occurs first? 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


See Figure 2. 


'27C0128-20 '27C0128-25 '27C128-30 
250 
20 anaes 3 


6) 105 


ee | 
a 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V +0.5V 


during programming. tr < 20 ns and t¢ 


< 20ns. 


5. Common test conditions apply for tgjg(G) except during programming. 
TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


recommended timing requirements for programming, TA = 25°C, VCC 


(see Note 4) 


tw(IPGM) Initial program pulse duration 


tw(FPGM) 
tsu(A) 


tsu(G) 
tdis(G) 
ten(G) 


Final pulse duration 
Address setup time : 


G setup time 


Output disable time from G 


Output enable time from G 


tsu(D) Data setup time 
teulVPB) Vp setup time 
teuivce) Vcc setup time 


Address hold time 


sjonpoig Aer - 


= 6V, Vpp = 12.5 V 


NOTES: 4. For all switching characteristics and timing measurements input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V +0.5\ 


during programming. 


5. Common test conditions apply for tgis(G) except during programming. 
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read cycle timing 


A0-A13 


PARAMETER MEASUREMENT INFORMATION 


2.08 V 


Ry = 800 2 


OUTPUT 
UNDER TEST 


FIGURE 2. OUTPUT LOAD CIRCUIT 


| 
ss 
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A0-A13 


| 

| 

‘| 
01.08 DATA IN STABLE HI-Z 

| 

| 


ee 
iebesac sie | VERIFY - | 
| 
| 
| 


ViH 


ADDRESS STABLE ADDRESS N: 1 


= tsulAy—> 


ViL 


DATA OUT 
VALID 


ke—tsuio) >} 


t he ee | 
w(IPGM) ) le a Slt 
tw(FPGM)—ke——>} 
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SMJ27€256 
262,144-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


MAY 1986—REVISED JULY 1987 


Organization ... 32K x8 J PACKAGE 
(TOP VIEW) 


Single 5-V Power Supply 


Pin Compatible with Existing 128K and 
256K EPROMs 


All inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 
SMJ27C256-20 200 ns 
SMJ27C256-25 250 ns 
SMJ27C256-30 300 ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc =5.5 V) 
—Active ... 220 mW Worst Case 
—Standby ... 1.7 mW Worst Case 


(CMOS-Input Levels) Address Inputs 
Chip Enable/Power Down 
@ Temperature Range... Oumueenebile 
°o - 
—55°C to 125°C Cerniins 
@® MIL-STD-883C Class B Outputs 
High-Reliability Processing 5-V Power Supply 
12.5-V Power Supply 
description 


The SMJ27C256 series are 262,144-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL 
circuits without the use of external pull-up resistors, and each output can drive one Series 54 TTL circuit 
without external resistors. The data outputs are three state for connecting multiple devices to a common 
bus. The SMJ27C256 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in- 
line ceramic package (J suffix) rated for operation from —55°C to 125°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 


Nn 
~ 
+) 
=] 
n°] 
o 
b= 
0. 
“3 
i] 
a 
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operation 


There are seven modes of operation for the SMJ27C256 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 


PRODUCTION DATA doc uments contain information Copyright 1986, Texas Instruments Incorporated 
current as of publication date. Products conform 
to specifications per the terms of Texas Instruments 


EXAS 
standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUMENTS 
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FUNCTION 
PINS) Read nia Standb Programmin Verify eae Sanmure 
: Disable : : : Inhibit Mode 


TX can be Vip or Vip. 


Vy 


s}onpoig Ase vA - 


= 12V+05V. 


read/output disable 


When the outputs of two or more SMJ27C256's are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from the competing outputs of the 
other devices. To read the output of the SMJ27C256, a low-level signal is applied to the E and G pins. 
All other devices in the circuit should have their outputs disabled by applying a high-level signal to one 
of these pins. Output data is accessed at pins Q1 to O8. 


power down 


Active ICC current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 300 vA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the SMJ27C256 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwat per square 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted 
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
SMJ27C256, the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic ‘1’ state), logic ‘O’s are programmed into the desired locations. A programmed 
‘O’ can only be erased by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to Q8. Once 
addresses and data are stable, E is pulsed. The programming mode is achieved when Vpp = 12.5 V, 
Vcc = 6.0V,G = Vip, and E =Vj,. More than one SMJ27C256 can be programmed when the devices 
are connected in parallel. Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
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1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp =12.5 V. When the 
full fast programming routine is complete, all bits are verified with Vcc =Vpp =5 V (see Figure 1). 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits may be verified with Vpp = 12.5 V when G = Vj,, and E = Vjp. 


signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10) i.e., AO = Vit — manufacturer; AO = Vip — device. All other addresses must be held at Vii. Each 
byte possesses odd parity on bit Q8. The manufacturer code for this device is 97, and the device code is 04. 


START 


ADDRESS = 
FIRST LOCATION YES FAIL DEVICE 
FAILED 


Vec = 6V 

Vpp = 12.5 V PASS 
LAST NO INCREMENT 
ADDRESS? ADDRESS 

PROGRAM ONE 

1 ms PULSE YES 

Vv = Vpp = 5V 

INCREMENT X oi és 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


FAIL DEVICE 
FAILED 


YES 


PASS 


DEVICE 
PASSED 


VERIFY 
ONE BYTE 


PROGRAM ONE 
PULSE OF 


3X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbol! 


ag te 
ao te 
cong 
AA 
(5) hg 
AS (12) 
(4) a2 
AG (13) 
Peg 03 
(25) Te a4 
A8 (16) 
(24) 05 
AS 01) (17) 6 
A10 ia 
ag = (19) og 
A12 — 
a 
A14 750) 1] 14 
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This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


kee absolute maximum ratings over operating temperature range (unless otherwise noted) t 


s}onpoig AuewHA 


Supply voltage wenge--Veoc (see Note 1)... a as So sh ie ee -O0.6Vto7V 
Supply voltage ranae, Vpp (see-Note 1)... . hese SOR CO ea ee ee —-0.6 Vto 14 V 
Input voltage range (see Note 1): All inputs except AQ..................... —0:6 V t0 6.5 V 

Be eo ie aE tee -0:6 V to.13.5 V 
Output voltage fangs {see Note 4). 3.) 0s Se eS is -0.6 V to Vcc+1V 


Minimunt operating tree-dic: temperature 5... a a OR res co ie eee ke ee 
MaxiMGim Gbeiatid COSG: TONIOOratte fc Sie erie bia ee sv AL esl we sean Dupre way ibetada Ss 


Storage temperoturetance:.. 6 Fs oes. sesh Lies. tye oy ohh 2 Sot a eee ~—G5°C to 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 
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recommended operating conditions 


SMJ27C256-20 
SMJ27C256-25 
SMJ27C256-30 


Vcc Supply voltage (see Note 2) 
Vpp Supply voltage (see Note 3) 
7 | 
VIH High-level input voltage 


“08 08 
VIL Low-level input voltage 
Ta ___ Operating free-air temperature Ee AND Le 2 


A 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be !cc + Ipp. 
During programming, Vpp must be maintained at 12.5 V (+0.5V). 


electrical characteristics over full ranges of recommended operating conditions 


2.4 


Vpp supply current+ 
Ippo ipa Vpp = 13 V 35 50| mA 
(during program pulse) 


' Vcc supply current TTL-input level Vec = 5.5V,E = Vin Mees ieee. Se) 
CC1 = 
(standby) CMOS-input level Vec = 5.5V,E = Voc 300 


Vec = 5.5V,E = Viz, 


Icc2 Vcc supply current (active) tcycle = minimum cycle time, 
outputs open 


t Typical values are at Ta = 25°C and nominal voltages. 
tThis parameter has been characterized at 25°C and is not tested. 
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capacitance, Tc = 25°C, f = 1 MHz! 


PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT 
Cj Input capacitance V; = OV, f = 1 MHz Satie aes er Ses 
oa Output capacitance Vo = OV, f = 1 MHz 
T Capacitance measurements are made on sample basis only. 
+Typical values are at Tc = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


TEST CONDITIONS ‘27C256-20 | '27C256-25 | '27C256-30 
PARAMETER 
(SEE NOTES 4 AND 5) 


tala) Access time from address 
ta(E) Access time from chip enable 


ten(G) Output enable time from G 


Output disable time from G or 


Cr = 100 pF, ‘ 
1 Series 54 TTL Load, 
Input tp <20 ns, 


tdj = 
dis E, whichever occurs first? 


Output data valid time after Input tf <20 ns 


ty(A) change of address, E, or 
G, whichever occurs first! 


NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V +0.5V 
during programming. . 
.5. Common test conditions apply for tgjs(G) except during programming. 
TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5V. 
(see Note 4) 


tw(IPGM) Initial program pulse duration ; 
tw(FPGM) Final pulse duration 2.85 78.75 
tsu(A) Address setup time 


tdis(G) Output disable time from G : 0) 130 Fons 


ten(G) Output enable time from G ion hm ah BOY 
Pei. Manin Oo o> a ae ee ee ee | 


NOTES: 4. For all switching characteristics and timing measurements input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V +0.5V 
during programming. 
5. Common test conditions apply for tgjs(G) except during programming. 
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262,144-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


PARAMETER MEASUREMENT INFORMATION 
2.08 V 


Ri = 800 2 


OUTPUT 
UNDER TEST 


ae CL = 100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT 
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| program cycle timing 


}<——————— PROGRAM a VERIFY 


VIH 
A0-A14 ADDRESS STABLE ADDRESS N+1 
Vit 
t | i 
t thiA 
= su(A) Ss 3 ( is | 
Vin/V 
; | IH/VOH 
Q1-08 DATA IN STABLE Hi-Z 
' 
| Vit/VOL 


J tsui0) —o| 


| 
{ 
Vpp 
, | | | 
V 
ee et tsu(vPP) ee | | | | Vcc 
| | | 


Vec+1 
Vcc : | | 
ke tsuivec) iy | Vec 
| 


twilPGM) ———# : . | oan 
twiFPGM) —<@——2>4 | 
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524,288-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


SEPTEMBER 1987 — REVISED DECEMBER 1987 


Organization ... 64K x 8 J PACKAGE 
(TOP VIEW) 


Single 5-V Power Supply 
Pin Compatible with Existing 512K EPROMs 
All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 
‘270512-20 200 ns 
°27C0512-25 250 ns 
°270512-30 300 ns 


@ HVCMOS Technology 
@ 3-State Output Buffers 


@ Latchup Immunity of 250 mA on all Input 
and Output Pins 


@ 400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.5 V) 
— Active... 263 mW (MAX) 
— Standby... 1.8 mW (MAX) 


(CMOS Input Levels) 7 Address Inputs 
Chip Enable/Power Down 
@ -55°C to 125°C Operating Temperature aia 
Range Outputs 
@® Standard and Class B Processing ; 5-V Power Supply 
— SM27C512.. . Standard 12.5-V Power Supply/ 


— SMJ27C512... Class B Output Enable 


description 


The SMJ27C512 series is a 524,288-bit, ultraviolet-light erasable, electrically programmable read-only 
memory. This device is fabricated using HVCMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits 
without the use of external pull-up resistors, and each output can drive one Series 54 TTL circuit without 
external resistors. The data outputs are three-state for connecting multiple devices to a common bus. The 
SMJ27C512 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in-line ceramic 
package (J suffix) rated for operation from —55°C to 125°C. 


Since this EPROM operates from a single 5-V supply (in the read mode), it is are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 
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operation 


There are seven modes of operation for the SMJ27C51 2 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 


PRODUCTION DATA documents contain information A Copyright © 1987 Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 8-153 
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SMJ27€512 
§24,288-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


FUNCTION 
(PINS) 


Signature 
Mode 


TX Can be Vj, or Vip. 


tVy a: 
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12V+0.5V. 


read/output disable 


When the outputs of two or more SMJ27C51 2s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. 
To read the output of the SMJ27C512, a low-level signal is applied to the E and G/Vpp pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 


pins. Output data is accessed at pins Q1 to O8. 
power down 


Active ICc current can be reduced from 50 mA to 500 pA (TTL-level inputs) or 350 »A (CMOS-level inputs) 
by applying a high logic signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the SMJ27C512 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity <x exposure time) is 15 watt-seconds-per-square-centimeter. A typical 12 milliwatt-per-square- 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the SMJ27C512, 
the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic 1 state), logic Os are programmed into the desired locations. A programmed O 
can be erased only by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses 
and data are stable, Eis pulsed. The programming mode is achieved when G/Vpp = 12.5V, Vcc = 6.0V, and 
E = Vit. More than one SMJ27C512 can be programmed when the devices are connected in parallel. 
Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 1 
millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. If 
the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 1 
millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This sequence 
of programming and verification is performed at Vcc = 6.0 V. When the full Fast programming routine is 
complete, all bits are verified with Vcc = 5 V (see Figure 1). 
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program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits may be verified with G/Vpp and E = VIL. 

signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10); i.e., AO = Vi_ accesses the manufacturer code; AO = VjH accesses the device code. All other addresses 
must be held at Vii. Each byte possesses odd parity on bit Q8. The manufacturer code for this device 
is 97, and the device code is 85. 


latchup immunity 


Latchup immunity on the SMJ27C512 is minimum of 250 mA on all inputs and outputs. This feature provides 
latchup immunity beyond any potential transients at the P.C. board level when the EPROM is interfaced 
to industry standard TTL or MOS logic devices. Input-output layout approach controls latchup without 
compromising performance or packing density. 


For more information see application report SMLAOO1; ‘‘Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family,’’ available through TI Field Sales Offices. 
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START 


ADDRESS = 
FIRST LOCATION 


Vec=6 V 
Vpp=12.5 V 


PROGRAM ONE 
1 ms PULSE 


INCREMENT X 


NO 


DEVICE PROGRAM ONE 
FAILED PULSE OF 


3X _ ms DURATION 


LAST 
ADDRESS? 
YES 


Vec = 5 V: G/Vpp = Vit 


VERIFY 
ONE BYTE 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


FAIL 


PASS 
DEVICE 
PASSED 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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LY MEMORY 


logic symbolt 


EPROM 65,536 X8 


(10) 
(9) 
(8) 
(7) 
(6) 
(5) 
(4) 
(3) 

(25) 

(24) 

(21) 

(23) 
(2) 

(26) 

(27) 
(1) 

(20) 


0 


15 
[PWR DWN) 
(22) 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


-O06Vto7V 
-0.6 Vto 14 V 
—0.6 to 6.5 V 


Supply voltage (ane. VEC {Se MeO UP 5 oe ea eee se a Bs Ged nc kee 
Supp Votade range, VPP (ene Note Ti one. ee se ee Le RRS 
Input voltage range (see Note 1): All inputs except AO ...................006- 


POR a toa Os SE an oo be Oe -0.6 V to 13.5 V 
Outhut volisge range (seo. Note 44:2 o.oo Win eae ee oh Pe -0.6 VtoVcc + 1V 
PURIUIEEF UA IFYS CORN CHING) - TORBAY LOMO T AEG os oo og Sten os, ake ao 0 ee De ena Bw en — 55°C 
RRA OTATINO: COSG TOIMDOINUNG ook ono an sk ne se Ca ek ee ee 125°C 


Seances TTT ULSER LEVI SoS aise oc oe Ved eek «ae ® ers wi pee 0 thw Aw Dee ees 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 


(11) 
(12) 
(13) 
(15) 
(16) 
(17) 
(18) 
(19) 


Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Qs 


Military Products - 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
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recommended operating conditions 
SM/SMJ27C512-25 
SM/SMJ27C512-30 
SM/SMJ27C512-45 


Vcc Supply voltage (see Note 2) 4.5 


Vpp Supply voltage (see Note 3) 
EF 


i 
Tc Operating case temperature , 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 


not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 


During programming, Vpp must be maintained at 12.5 V (+0.5 V). 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
VOH High-level output voltage lIoOH = —400 pA 
VoL Low-level output voltage lol = 2.1 mA 
I Input current (leakage) Vi =OVto5.5V 
lo Output current (leakage) Vo = O0VtoVcc 
Ipp Vpp supply current (during program pulse) G/Vpp ‘= 13V 35 70 
35 5 


. Vcc supply current TTL-input level Vec = 5.5 V, E = Vip 
CC1 az 
(standby) 


CMOS-input level Voc = 5.5V,E =Vcc 


Vec = 5.5V,E = Viz. 
tcycle = Minimum cycle time, 


lcc2 Vcc supply current (active) 


outputs open 


t Typical values are at Ta = 25°C and nominal voltages. 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


Cj Input capacitance Vi; = OV, f = 1 MHz ee ee al Se 
Co Output capacitance Vo = OV, f = 1MHz eto wes ae ee 


CG/Vpp_ G/Vpp input capacitance G/Vpp = OV, f = 1 MHz 


TTypical values are at Ta = 25°C and nominal voltages. 


TEST CONDITIONS | ‘27C512-20 | ‘27¢512-25 | ‘27C512-30 
PARAMETE 
(SEENOTE 4) | MIN MAX | MIN MAX | MIN MAX(| 
ta(A) Access time from address 


ta(E) | Access time from chip enable 


ten(G) Output enable time from G 


Be ae 
; Output disable time from G or ton SeGiaes 
: ~ igur 
dis E, whichever occurs first? : 


Output data valid time after 
ty(A) change of address, E, or 
G, whichever occurs first? 


+Value calculated from 0.5 V delta to measured output level. 
NOTE 4: For all switching characteristics and timing measurements input pulse levels are 0.4 V to 2.4 V. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O (reference page 8, AC testing waveforms). 
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recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 Vv 
(see Note 4) 


twi(IPGM) _ Initial program pulse duration 


tw(FPGM) Final pulse duration 2.85 78.75 
teula) Address setup time 


tdis(G) Output disable time from G 


tEHD Data valid from E low 
tsu(D) Data setup time 
tsu(VPP) Vpp setup time 
tsu(vCcc) Vcc setup time 
Address hold time 
Data hold time 
triPG)G Vpp rise time 
th( VPP) Vpp hold time 
trec(PG) Vpp recovery time 


NOTE 4: For all switching characteristics and timing measurements input pulse levels are 0.4 V to 2.4 V. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O (reference below). 


PARAMETER MEASUREMENT INFORMATION 
2.08 V 
Ri, = 8000 
OUTPUT 


UNDER TEST 
Cy = 100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT 


2.4 V 


0.40 V 


AC testing input/output wave forms 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic 0. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O. 
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read cycle timing 


AO-A15 


m| 


G/Vpp 


Q1-08 


program cycle timing | 


AO-A15 


apeuazeg tniaiteo 


DATA OUT VALID 


j@—tEHD 
i 


Q1-08 


| 

| | 
t . 
dis(E) be 


G/Vpp 


E beteonce) 
| ig 


tw(IPGM) 


| 
| | ?—>}—twiFPGM) 
Vcc / 
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IcC1—Standby Supply Current 
(Normalized) 


Icc2—Supply Current 
(Normalized) 


sjonpolg Aleipiw : 


Ta—Access Time 
(Normalized) 


TYPICAL SMJ27C512 CHARACTERISTICS 


STANDBY SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


Icc1—Standby Supply Current 
(Normalized) 


-75 -50 -25 0 25 ..60--- 76. -100.. 125 


Ta—Free-Air Temperature — °C 


ACTIVE SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


€ 
2 
3 
oO 
> — 
a8 
35 
nm ® 
o £ 
R 4e 
oe 
1 
N 
3) 
-75 -50 -25 0 25 50 75. 100 125 Pa 
Ta—Free-Air Temperature — °C 
ACCESS TIME 
vs 
FREE-AIR TEMPERATURE 
1.50 
E 
1.25 eo 
2B 
1.00 SE 
qs 
l<é 
0.75 o 


0.50 
-716.-50-25 0 25.60 75-100 125 


Ta—Free-Air Temperature — °C 


STANDBY SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


"4.25 4.5 4.75 5.0 5.25 5.5 5.75 


Vcc—Supply Voltage—V 


ACTIVE SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


4.25 464.75 5.0 5.25 5.5. 5.75 


Vcc—Supply Voltage—V 


ACCESS TIME 
vs 
SUPPLY VOLTAGE 


4.25 4.5 4.75 5.0 5.25 5.5 5.75 


Vcc—Supply Voltage—V 


8-162 


tis 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


Organization ... 128K x 8 


@ Single 5-V Power Supply 


@ Industry Standard 32-Pin Dual-In-line 
Package 


@ All Inputs/Outputs Fully TTL Compatible 
@ Static Operation (No Clocks, No Refresh) 
@ Max Access/Min Cycle Time 


Vcc+t 10% 


SMJ27C010-25 250 ns 
SMJ27C010-30 300 ns 


@ 8-Bit Output For Use in Microprocessor- 
Based Systems 


@ 32-Bit Programming (Four Bytes) and 
Standard 8-Bit Programming 


Power Saving CMOS Technology 
3-State Output Buffers 


Uses TI's Innovative ACE (Advanced 
Contactless EPROM) Technology for Noise 
immunity and Improved Reliability 


@ 400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ No Pull-Up Resistors Required 


@ Low Power Dissipation (Vcc = 5.5 V) 
—Active .. . 220 mW Worst Case 
—Standby .. . 1.5 mW Worst Case 

(CMOS-Input Levels) 


@ Operating Free-Air Temperature —55°C to 
125°C 


description 


The SMJ27C010 series are 1,048,576-bit, ultraviolet-light erasable electrically programmable read-only 
memories. These devices are fabricated using CMOS technology for high speed and simple interface with 


SMJ27C010 


J PACKAGE 
(TOP VIEW) 


Address Inputs 

Chip Enable 

Output Enable 

Ground 

No Connection 
Program 

Outputs 

5-V Supply 

12.5-V Power Supply? 


TOnly in program mode. 


MARCH 1988—REVISED JULY 1988 


1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


Military Products - PRODUCT PREVIEW 


MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits. 
Each output can drive one Series 54 TTL circuit without external resistors. The data outputs are three- 
state for connecting multiple devices to a common bus. The SMJ27C010 is offered in a 600-mil dual-in- 
line cerdip package (J suffix) rated for operation from —55°C to 125°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming. All programming 
signals are TTL level. For programming outside the system, existing PROM programmers can be used. 


on products in the formative or design phase of a3 
development. Characteristic = = other EXAS 

specifications are design goals. Texas Instruments 

reserves the right to change or discontinue these IN STRUM ENTS 

products without notice. POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


Copyright © 1988, Texas Instruments Incorporated 
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MARCH 1988 


Wide-Word Organization ... 64K x 16 J PACKAGE 
(TOP VIEW) 


@ Single 5-V Power Supply 


@ Operationally Compatible with Existing VCC 
Megabit EPROMs 
@® 40-Pin Dual-in-line Package A15 
@ All Inputs and Outputs Fully TTL Compatible she 
@ Static Operations (No Clocks, No Refresh) A12 
@ Max Access/Min Cycle Time oes 
Vcct 10% AQ 
SMJ27C210-25 250 ns GNDt s 
SMJ27C210-30 300 ns A8 LL 
@ 16-Bit Output For Use in Microprocessor- Rs > 
Based Systems LL 
® 32-Bit Programming (Two 16-Bit Words) A4 a 
and 16-Bit Programming A3 
@ 16 Seconds Typical Programming Time 6 z 
@ Power Saving CMOS Technology AO aS | 
@ 3-State Output Buffers 5 
@ Uses TI’s Innovative ACE (Advanced pare tc 
Contactless EPROM) Technology for Noise a 8 ee A. 
Immunity and Improved Reliability a esate: 
Output Enable 
@ 400 mV Guaranteed DC Noise Immunity Ground oS 
with Standard TTL Loads No Connection 
@® Latchup Immunity of 250 mA on All Input Daun i 
and Output Pins i datas Oo 
5-V Supply _ 
No Pull-Up Resistors Required 12.5-V Supply* S 
Low Power Dissipation pink VE and aD inbet. be connectee a. 
—Active . . . 220 mW Worst Case ; SRN Seer > 
—Standby . . . 1.5 mW Worst Case Only in program mode. o 
(CMOS-Input Levels) = 
— 


@ Operating Free-Air Temperature — 55°C to 
125°C 


description 


The SMJ27C210 is a 1,048,576-bit, ultraviolet-light erasable, electrically programmable read-only memory. 
This device is fabricated using CMOS technology for high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the 
use of external pull-up resistors and each output can drive one Series 74 TTL circuit without external 
resistors. The data outputs are three-state for connecting multiple devices to a common bus. The 
SMJ27C210 is offered in a 600-mil dual-in-line cerdip package (J suffix) rated for operation from — 55°C 


to. 125°C. 
PRODUCT PREVIEW documents contain information ° Copyright © 1988, Texas Instruments Incorporated 
on products in the formative or design phase of Ti ig 
development. Characteristic data and other EXAS 8-165 
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SM61CD16, SMJ61CD16 
16,384-WORD BY 1-BIT STATIC RAMS 


APRIL 1987—REVISED NOVEMBER 1987 


16,384 x 1 Organization JD PACKAGE 
(TOP VIEW) 


Separate I/O 


Military Temperature Range... —55°C to 
125°C (M Suffix) : 


Fast Static Operation 


Battery Back-Up Operation . . . 2 Volt Data 
Retention 


@ Maximum Access Time from Address or 
Chip Enable 
’61CD16-25 ... 25 ns 
‘61CD16-35 ... 35 ns 
‘61CD16-45 ... 45 ns 


Single 5-V Supply (10% Tolerance) FG PACKAGE 
JEDEC Standardized Pinout (TOP VIEW) 


Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


TTL Compatible Inputs and Outputs 


Automatic Powerdown When Deselected 
— 125 pA MAX Standby Current at CMOS 
Levels 


@ Low Power Dissipation (Vcc = 5.5 V) 
— Active .. . 660 mW MAX 
— Standby . . . 110 mW MAX (TTL Inputs) ee 
— Standby... 0.68 mW MAX (CMOS 
Inputs) 


@ Standard and Class B Processing 
— SM Prefix . . . Standard Processing 
— SMJ Prefix . . . Class B Processing 


@ Three State Output Address Inputs 
Data Input 


@ Packaging Options: Data Output 


— 20-Pin Ceramic 300-mil DIP 
— 20-Pad Leadless Ceramic Chip Carrier 


Chip Enable/Power Down 


Military Products B 


Ground 
description 5-V Supply 


Write Enable 

The ‘61CD16 is a separate I/O, 16,384-bit static 

random-access memory organized as 16,384 

words by 1 bit. This memory is fabricated using 

complementary MOS technology utilizing a full 

CMOS (six transistor cell) memory array. The six transistor cell provides for inherently lower soft error 
rates, improved stability across the operating temperature range, and extremely low standby power 
compared to the four transistor/two poly load cell making it ideal for military applications. 


The ‘61CD16’s static design and control signals (E and W) remove the need for refresh circuitry and simplify 
timing requirements. The chip-enable pin allows for easy memory expansion and automatic power-down. 
Access time from either address or chip enable is a maximum of 25, 35, or 45 ns, allowing speed upgrades 
for new and existing designs. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily jochons testing of all parameters. INSTRUMENTS 
POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


PRODUCTION DATA documents contain information dip Copyright © 1987, Texas Instruments Incorporated 
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operation 


addresses (A0-A13) 


The 14 address inputs select one of the 16,384 -bit words in the RAM. The address inputs must be stable 
for the duration of a read or write cycle. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable/power down (E) 


The chip enable/power down terminal, which can be driven directly by standard TTL circuits, affects the 
data-in and data-out terminals and the internal functioning of the chip itself. Whenever the chip enable/power 
down is low (enabled), the device is operational, input and output terminals are enabled, and data can 
be read or written. When the chip enable/power down terminal is high (disabled), the device is deselected 
and put into a reduced-power standby mode. Data is retained during standby. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E must be high when changing addresses to prevent inadvertently 
writing data into a memory location. The W input can be driven directly from standard TTL circuits. 


data in (D) 


Data can be written into a selected device when the write-enable input is low. The input terminal can be 
driven directly from standard TTL circuits. Data on the input pin (D) is written into the memory location 
specified on the address pins (AO-A13). 


data out (Q) 


The three-state output buffer provides direct TTL compatability with a fanout of two Series 54 TTL gates, 
one Series 54S TTL gate, or eight Series 54LS TTL gates. The output terminal is in the high-impedance 
state when chip enable (E) is high or whevover a write operation is being performed. Data out is the same 
polarity as data in. 


logic symbolt 


RAM 16,384 x 1 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(13) 
(14) 
(15) 
(16) _. 
(17) 


0 


Ww 1EN [READ] 
1102 [WRITE] (8) 
D V3 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
Pin numbers shown are for the JD package. 


FUNCTION TABLE 


— aie j_mooe | rower 


Standby Standby _ 
Read Active 
Write 


Data Output 
HI-Z 


Active 


X = Don’t Care. 
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functional block diagram 


INPUT BUFFER 


A10 aa 
A11 5. 
A12 1 9 MEMORY ARRAY 
A13 w { ¥ 128 ROWS : 
AO > BY 128 COLUMNS 
Al re) 
A2 = 
E 
POWER ® 
DOWN 
COLUMN DECODER CONTROL ab 
Sages ee 


A3 A4 AS A6 A7 AB AY 
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16,384-WORD BY 1-BIT STATIC RAMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


BUDDY woltnde vende 1868 NOtO.~4) 3. ee sk 6 Ss ame 2 a pep ate Mg boop pte oe -O0.5Vto7V 
Wie: Witte fete NGOO NOTE 2) 5065552. Soe hice F263 0c ne dF oe eee eae: dee aa ane -1Vto7V 
Output voltage range in high-impedance state .............. 2.0. ee eee -0.5Vto7V 
USERS ANON: ete Se ke ve ans sh a OE add 5 Se a Cn FO Ss a 20 mA 
Minimum operating free-air temperature... .. 2.2... 2 ee ee eee — 55°C 
Maximum operating Case-temperature . 9 oe nea oe ee eee We eee 125°C 
SHLUFEOG LOFTON PAIN oc 525 hig ale Sok a wih wooo eg 6% 2 tela se ORD be le ation —65°C to 150°C 
Err AN CONTRI ot. Goda foarte we I ele Peed a ae es les ale oh tees 200 mA 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to GND. 

2. Vi_ (MIN) of —3 V for short pulse durations of 20 ns or less. Prolonged operation at Vj, levels below — 1 V will result in excessive 
currents that may damage the device. 


recommended operating conditions 


Vcc Supply voltage 
ViH High-level input voltage 


Vi_ Low-level input voltage (see Note 2) 
Tc Operating case temperature 
Ta Operating free-air temperature 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


eo 2 Lees Sa ae 

pe aa ea 

aso 

P=50 50] nA 
F mA 


lcc Vcc operating supply current Vec = 5.5V,lo =OmA 
Vcc supply TTL-level inputs E = Vin. Vec = 5.5 V 


| 
CC! current (standby) | CMOS-level inputs} Inputs = Vcc +0.3, Vcc = 5.5 V 


pt ee ee 
Short circuit output current 
| Vcc = 5.5 V, Vo = GND 
Bees. eae ee 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST '61CD 16-45 
PARAMETER ; 


mA 
mA 


lcc Vcc operating supply current Vcc = 5.5V,lo =OmA 
TTL-level input E = Vin. Vcc = 5.5 V 

lcci Vcc supply current (standby) sd: rut : slik jp ma | 
CMOS-level inputs Inputs = Vcc +0.3, Vcc = 5.5 V 


NOTE 3: Not more than one output should be shorted at a time. The duration of the short circuit should not exceed 30 seconds. 


los Short circuit output current (see Note 3) Vcc = 5.5 V, Vo = GND eee 
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data retention characteristics 


PARAMETER TEST CONDITION 


Vpr__—*Vcc for data retention 


tcpR Chip deselect to data retention time 
tr Operation recovery time GND + 0.2 V 


1:2 Input leakage current 


ICCDR Data retention current 


TTYP values listed are typical values at 25°C. 
tteiRD) = read cycle time. 
This parameter is guaranteed but not tested. 


data retention waveform 


DATA RETENTION ___y 


MODE 
_ 4.5V 4.5V 
cc | Vor = 2V 
| 
SOR — 3 tR 
E ViH VDR VIH 


capacitance, TA = 25°C, f = 1 MHz{ 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
C; Input capacitance Ta = 25°C, f = 1 MHz, Vcc = 5 V nes eS et 
Tq = 95°C, 1 = 1 Me, Veo = BV ae 


{Capacitance measurements are made on sample basis only. 


timing requirements over recommended supply voltage range and operating temperature range 


‘61CD16-25 ‘61CD16-35 U 
MIN TYP MAX MIN TYP MAX 


Read cycle time 

Write cycle time 
tw(W) Write-enable pulse duration 
tELWH Chip-enable low to end of write 
tsu(A) Address setup time to write start 


72) 
~~ 
O 
~ 
n°] 
© 
a 
o. 
roy 
is] 
= 
= 


tsu(D) Data setup time to write end 


th(A) Address hold from write end © 
Data hold from write end 


tavVWH __ Address setup to write end 


8This parameter is guaranteed but not tested. 
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timing requirements over recommended supply voltage range and operating temperature range 


‘61CD16-45 
MIN TYP MAX es 


Read cycle time 

Write cycle time 

Write-enable pulse duration 
tELWH Chip-enable low to end of write 
tsu(A) Address setup time to write start 


as 
| 
Be ae 
a 
sent 
tsu(D) Data setup time to write end Paps | 
be er | 
pons | 
| ns | 
ina 


Address hold from write end 


tELIH Delay time, chip-enable low to power up? 


tEHIL Delay time, chip-enable high to power downt 
tavwH _ Address setup to write end 


TThis parameter is guaranteed but not tested. 


switching characteristics over recommended supply voltage range and operating temperature range 


PARAMETER TEST ‘61CD16-25 ‘61CD16-35 
CONDITIONS MIN TYP MAX | MIN TYP MAX 
loH= -4mA, IQ. = BMA; 28 


Ci = 30 pF, 
See Figure 1a. 


5 pF, See Figure 1b. 


481, R2 = 2550, Pa eee 


CONDITIONS 
loH = —4mMA, IoL = 8 MA 
Cy = 30 pF, 


See Figure 1a. 


481 02, R2 = 255 Q, 
5 pF, See Figure 1b. 


tdis(W) Output disable time from write enable low* 


+Transition is measured +500 mV from steady state voltage; this parameter is guaranteed but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


5 V 5 V 
R1 = 4810 ii aad ts 
OUTPUT OUTPUT 
UNDER TEST UNDER TEST 
R2 = 2552 C, = 30 pF! R2 = 2550 Cy. = 5 pFt 


(a) Representation of Actual Load 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 2 


OUTPUT AAA 1.73 V 


UNDER TEST 


Lore includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


—ol -o—tr t¢ —onl =—— 


NOTE 4: t, and ts < 5ns. 


FIGURE 2. TRANSITION TIMES 
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read cycle timing from addresst 


A ee Da ae Oe ee SS | 
te(rd) , 


| 
I i ViH 
Vit 


ee 

ee aes ta(A) : 
— se ne ae l 
l 


‘ VOH 
Q PREVIOUS DATA VALID * x x X * DATA VALID 
VOL 


TW is high, and E is low. 


read cycle timing from chip enable 
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e ok aaa OES CURA 
i) | . ViH 
E 
| 
' ViL 
petty | a VOH 
Qt 1-2 EX eX DATA VALID HI-z 
VOL 
| 
bo tL jp od tee 
| Icc 
lcc 50% 50% 
Icc1 


+W is high, address is valid prior to or simultaneously with the high-to-low transition of E. 
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ViH 


VIL 


VIH 


v 
o 
3 
re) 
x a VIL 
.~ 
= ry 
e te ViH 
: 
5 sh VIL 
{e) 
= & 
4 ame 
x 7 VIH 
yn 
8 . | VIL 
TOR! WT | wi 
VOH 
DATA ' : 
DATA UND - on 
OUT UNDEFINED HI-z | 


VOL 


TE or W must be high during address transitions. 

NOTE: For both W-controlled and E -controlled Write operations, the internal write time of the memory is defined by the overlap of E low and W 
low. Both signals must be low to initiate a write, and either signal can terminate a write by going high. The data input setup and hold times 
should be referenced to the edge that terminates the write. 
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write cycle timing controlled by chip enableT 


‘suoijisues ssaippe Burinp yBiy eq ysnw fA 40 3 


Wa 


ee 2-4 a GANISZ3ZONN Viva fined 
HO, | 


ALE (M151) = 


WA 
anvAaA Ni 
Hi, 
(G)4, ——| | | 
jae (GINS; | 


a 


Hi, 


a 


Hi, 


HMA, erent l 
fo (7) MS) __soJ 


eee He 


a 
ELV-OV 


HI, 


"75 aE EIEN ERENT AY SBI race ici aio? 
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SM64C16, SMJ64C16 
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MARCH 1987—REVISED NOVEMBER 1987 


4096 x 4 Organization . JD PACKAGE 
(TOP VIEW) 


Common 1/O 


@ Military Temperature Range... —55°C to 
125°C (M Suffix) 


Fast Static Operation 


Battery Back-Up Operation. . . 2-Volt Data 
Retention 


@ Maximum Access Time from Address or 
Chip Enable 


‘64C16-25...25 ns 
‘64C16-35 ...35 ns 


'64C16-45 .... 45 ns FG PACKAGE 
(TOP VIEW) 
@ Single 5-V Supply (10% Tolerance) 5 
JEDEC Standarized Pinout tise 
@ Complementary Silicon Gate MOS 2 1 2019 
Technology with a 6-Transistor Memory Cell A6I3 18f} A2 
@ TTL Compatible Inputs and Outputs A7\}4 17 A1 
A8 jj 5 16|j AO 
@ Automatic Power Down when Deselected Age 15f1DQ1 
— 125 pA MAX Standby Current A10N7 14f]Do02 
at CMOS Levels A118 13f1D03 
@ Low Power Dissipation (Vcc = 5.5 V) 
— Active... 660 mW a a| 
— Standby . . . 55 mW MAX (TTL Levels) a S 


— Standby. . . 0.68 mW MAX (CMOS Levels) 


@ Standard and Class B Processing 


— SM Prefix . . . Standard Processing AOQ-A1l — Addresses 
— SMJ Prefix . . . Class B Processing DQ1-D04 Data In/Data Out 
c Chip Enable/Power Down 
@ Packaging Options: GND Ground 
— 20-Pin Ceramic 300-mil DIP | Vec 5-V Supply 
— 20-Pad Leadless Ceramic Chip Carrier WwW Write Enable 


description 


Military Products - ADVANCE INFORMATION 


The ‘64C16 is a common 1|/O, 16,384-bit static random-access memory organized as 4096 words by 4 
bits. This memory is fabricated using complementary MOS technology utilizing a full CMOS (six-transistor 
cell) memory array. The six-transistor cell provides for inherently lower soft error rates, improved stability 
across the operating temperature range, and extremely low standby power compared to the four- 
transistor/two-poly load cell, making it ideal for military applications. 


The '64C16’s static design and control signals (E and W) remove the need for refresh circuitry and simplify 
timing requirements. The chip enable pin provides for easy memory expansion and for an automatic . 
powerdown feature. Access time from either address or chip enable is a maximum of 25, 35, or 45 ns. 


Copyright © 1987, Texas Instruments Incorporated 


ADVANCE INFORMATION documents contain Fi 
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data and other specifications are subject to change IN STRUMENTS 
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operation 


addresses (A0-A11) 


The 12 address inputs select one of the 4096 4-bit words in the RAM. The address inputs must be stable 
for the duration of a read or write cycle. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable/power down (E) 


The chip enable/power down terminal, which can be driven directly by standard TTL circuits, affects the 
data-in and data-out terminals and the internal functioning of the chip itself. Whenever the chip enable/power 
down is low (enabled), the device is operational, input and output terminals are enabled, and data can 
be read or written. When the chip enable/power down terminal is high (disabled), the device is deselected 
and put into a reduced-power standby mode. Data is retained during standby. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E must be high when changing addresses to prevent erroneously 
writing data into a memory location. The W input can be driven directly from standard TTL circuits. 


data in/data out (DQ1-DQ4) 


Data can be written into a selected device when the write-enable input is low. The DQ terminals can be 
driven directly from standard TTL circuits. The three-state output buffer provides direct TTL compatibility 
with a fanout of two Series 54 TTL gates, one Series 54S TTL gate, or eight Series 54LS TTL gates. The 
DQ terminals are in the high-impedance state when chip enable (E) is high or whenever a write operation 
is being performed. Data out is the same polarity as data in. 


logic symbolt 


s}onpolg AJeUINIA ° 


RAM 4096 ~x 4 


FUNCTION TABLE 


| & Ww | da1-pa4 


Standby Standby 
Read Active 
Active 


X= Don’t Care. 


1EN [READ] 
12 [WRITE] 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the JD package. 
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functional block diagram 


Se 
eae 
gen 


> DQ1 
AO — 
Al O 
A2 S MEMORY ARRAY ae ese 

C BY 32 x 4 COLUMNS 

A4 . Be. Da3 
AS : ee 
A6 R 

ie Da4 


> 
0 


ee 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T 


SUpOIY VOneOS TENGG:- (ene rte 7)... eA Ak ec ee Ce oe ee ee ey eas -O5Vto7V 
PEVSNER: WONU ata CRI ts oi. eine Gate eho I is, Se ge ee eal -1Vto7V 
Output voltage range in high-impedance state ............ 0... eee eee ees -0.5 Vto7V 
CPE ARI yack colts re ee ake xo 5 oo 0 ow ace eae aoe owe aE Oe a 20 mA 
PAINT. ONGTRUNG-S1OG-BIn-TGRUIEERTUNG 6.55 0. 5-0 ee ce oR ena os me Le 9 wale nein a —§5°C 
NISKHTIUNY Geermtts CORO-COINOTEEUNO 620... oc es pa dee Pel hswe Sis tee Salsa do lele sis 126°C 
SRCNGIY  RONIR CRU CIE EE FN 6 A eee 8 oo 0 5 dealtg a va A PAT pa UES: oo Ce ee Se ree — 65°C to 750°C 
Ur AST Ces Sisrasd doar ee clin os Ae Ee SEE DEL whe add epee eet Fi oa 200 mA 


tStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 
NOTES: 1. All voltage values in this data sheet are with respect to GND. 
2. Vii (min) of —3 V for short pulse durations. Prolonged operation at Vj, levels below —1 V will result in excessive currents 
that may damage the part. 


recommended operating conditions 


Ss in A757 ae ace ie ie eee eee ee ee ee 
cE al. 2 eae eae Tne le ae 
Vit Low-level input voltage (see Note 2) = ese? See 
Tc Operating case temperature 


Ta Operating free-air temperature eon 


NOTE 2: Vi, (min) of —3 for short pulse durations. Prolonged operation at Vj, levels below — 1 V will result in excessive currents that 
may damage the part. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST ‘64C16-25 ‘64C 16-35 
PARAMETER 


VOH High-level output voltage Vcc = 4.5V,lon = -4mA 
Vo. Low-level output voltage Vcc = 4.5V, lo. = 8mA 


Input current (load) OVsVisVcc 
lo Output current (leakage) OV < Vo s Vcc, Output disabled 


\ ER RT CS a 
Short circuit output current 
| Vv = 5.5V,Vo = 
lcc Vcc operating supply current Vcc = 5.5V, lg =OmA Barone oe epee tere ee 
Vec supply —_| TTLevel inputs B= Vin. Vor w 6.6 Ves 0S" 9 [= 20-| 


| 
cc! current (standby) | CMOS-level inputs} Inputs = Vcc +0.3, Vcc = 5.5 V 


NOTE 3: Not more than one output should be shorted at a time. The duration of the short circuit should not exceed 30 seconds. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST "640 16-45 
PARAMETE 
CONDITIONS at 


MIN TYP MAX 


VoH_ High-level output voltage Vcc = 4.5V, lon = —4mA er Seer eae 
VoL Low-level output voltage Vcc = 4.5V, lot = 8mA eee eS Be ae 
I Input current (load) OVsVis Vcc PO ee Od A 
lo Output current (leakage) OV < Vo s Vcc, Output disabled aS a ae 
los Short circuit output current (see Note 3) Vcc = 5.5 V, Vo = GND Sie i Se BE 
lcc Vcc operating supply current Vcc = 5.5V,lgo =OmA Sano: 2S ee 2 
TTL-level input E = Vin, Vcc = 5.5 V tee ee 
lcci Vcc supply current (standby) = — ‘ ce | mA eo) 
CMOS-level inputs} Inputs = Vcc +0.3, Vcc = 5.5 V eres SR — 
NOTE 3: Not more than one output should be shorted at a time. The duration of the short circuit should not exceed 30 seconds. r & 
Jata retention characteristics = 
MAX o 
PARAMETER TEST CONDITION Vcc @ Vcc @ UNIT LL. 
2.0V 3.0V/2.0V 3.0V Za 
VoR Vee for data retention eet eh aus ae eel ee 
IcCDR Data retention current E = Vcc - 0.3 V, Ie Sf et 1A Be i ee ee a LLJ 
tcpR Chip deselect to data retention time Vin = Vcc - 0.3 V aa ae See se a i © 
IL15__ Input leakage current Rae iene ben < 
'TYP values listed are typical values at 25°C. Q 
‘tc(RD) = read cycle time. = 
This parameter is guaranteed but not tested. 
data retention waveform aoe 
2 
DATA RETENTION.___ 2 
es MODE l = 
4.5V 4.5V (e) 
Vcc | Vv | he 
DR22V a. 
| | 
one oH} a tr ; e 
E Vi VDR Vin = 
Ti 4 
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SM64C16, SMJ64C16 
4096-WORD BY 4-BIT STATIC RAMS 


capacitance, Ta = 25°C, f = 1 MHzt 


PARAMETER TEST CONDITIONS MIN TYP MAX 
TA = 25°C, P= 1 MHz, Veo = BV Lota S 
Ta = 25°C, f= 1 MHz, Voc = 5V 


tT Capacitance measurements are made on sample basis only. 


ae ae 


timing requirements over recommended supply voltage range and operating temperature range 


MIN TYP MAX MIN TYP MAX MIN TYP MAX 


tc(rg) _ Read cycle time pe a 
te(wr) Write cycle time 
tw(W) Write-enable pulse duration 


Write enable high to chip enable low 


t 
su(WIrd (read command setup) 


Poe ees We 
Se Se WS eS 
SES Se Hs a 
Fteuta) Address setuptimetowrtestat ——=S«=SsttC=<‘isSSCSSSCSSC*d 
[teuid) _Datasetuptimetowriteend Sid t0SC—~—“—~*sSBC*d 
tiwncd Write enable low from chip enable high Pye se ee 
(read command hold) 

Rize 2 eae Bee 

is JiR ceene oe Se 

Bae See A 

fee See 

Ee a eee 1 as 


th(A) Address hold time from write end 
th(D) Data hold time from write end 


tELIH Delay time, chip-enable low to power up* 
tEHIL Delay time, chip-enable high to power down?* 
tavwWwH_ Address setup to write end 


+ This parameter is guaranteed but not tested. 


oe 
Ba ea Sa 
22 Seas SS 
ee ee ee 2 
tae cee aa ee 
ag 
Shiai SOEs here a Ra Ted 
ie agen aks 
i ey he 
erect sc pe BBL a my 
eee eee ane Cee 


switching characteristics over recommended supply voltage range and operating temperature range 


PARAMETER TEST 64C16-25 | '64C16-35 
CONDITIONS 


ta(A) | Access time from address 
- - R1 = 4810, R2 = 2552, 
ta(E) Access time from chip enable low C) = 300k 
ty(A) | Output data valid after address change Pass 
See Figure 1a. 
ten(W) Output enable time from write enable hight 
ten(E) Output enable time from chip enable low 


: R1 = 4812, 
Output disable time from R2 = 2559 
dis(E) chip enable hight aoa any fe 
Output disable time from t. ¥ ak 
tdis(W) See Figure 1b. ns 


write enable low? 


T Transition is measured + 500 mV from steady state voltage. This parameter is guaranteed but not tested. . 
+ This parameter is guaranteed but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


5V 5 V 
R1 = 4810 R1 = 4810 
OUTPUT OUTPUT 
UNDER TEST UNDER TEST 
R2 = 2550 C, = 30 pF! R2 = 2550 Cc, = 5 pFt 
ja = 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 2 


UNDER TEST 


Te, includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


9G eccentric ctr see 3V 
/ N 90% 
10% | 10% ov 
| - 
— -=—t, 


NOTE 4: t,andt¢ < 5ns. 


FIGURE 2. TRANSITION TIMES 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


Military Products - ADVANCE INFORMATION 


8-183 


SM64C16, SMJ64C16 
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read cycle timing from addresst 


es | | 
c(rd) ' 


be $$ ta ——— 
p——ty(A) = i 
l 


; Vv 

DQ1- OH 
Da4 PREVIOUS DATA VALID DATA VALID 

VOL 


TW is high, and E is low. 


read cycle timing from chip enable* 


Leanne tf ef) ete ans 
! | 


Icc 


I | 
——=+ tsu(Wird th(W)rd aig Ree 


+W is high, address is valid prior to or simultaneously with the high-to-low transition of E. 
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S97SZ SVX31 ‘SVTIVO « ZL0SS9 XO8 3901440 1LSOd 


SLNAWNUYLSN 


(ye SVX4] 


S8L-8 


| 
SES pn IAG 


DATA ‘ ' 
oN DATA UNDEFINED Jonna nnn oe HZ ———_—{ 


TE or W must be high during address transitions. 


NOTE: For both WE-controlled and CE-controlled write operations, the internal write time of the memory is defined by the overlap of E low and 
W high. Both signals must be low to initiate a write and either signal can terminate a write by going high. The data input setup and hold 


times should be referenced to the edge which terminates the write. 
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ViH 


ViL 


VOH 


VOL 
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10a 


: ino 
ae ge ee eae One me ce ear) A A. GANIS30NN Viva viva 
HO, | 


| 
Je MIS] 


al 
” NI 


vivd 


QnivaA 
l viva l 


HI, 
(A) ——] | 


jas-() Sal | 
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Wa 


HIA 
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SM68CE16, SMJ68CE16 
2048-WORD BY 8-BIT STATIC RAMS 


APRIL 1987—REVISED APRIL 1988 


2048 x 8 Organization JD PACKAGE 
(TOP VIEW) 
Common 1/O 


@ Military Temperature Range... —55°C to 
125°C (M Suffix) 


@ Fast Static Operation 


@® Battery Back-Up Operation . . . 2-Voit Data 
Retention 


@ Maximum Access Time from Address or 
Chip Enable 
‘68CE16-25... 25 ns 
*68CE16-35... 35 ns 
"68CE16-45 ... 45 ns 


@® Single 5-V Supply (10% Tolerance) 


es FG PACKAGE 
@® Complementary Silicon Gate MOS (TOP VIEW) 


Technology with a 6-Transistor Memory Cell 
Automatic Powerdown When Deselected 
TTL Compatible Inputs and Outputs 

3-State Output 


Low Power Dissipation (Vcc = 5.5 V) 

— Active... 660 mW MAX 

— Standby. . - 110 mW MAX (TTL Inputs) 
— Standby... 5.5 mW MAX (CMOS 
Inputs) 


@ Standard and Class B Processing 
-— SM Prefix . . . Standard Processing 
— SMJ Prefix . . . Class B Processing 


Output Enable for Bus Control 
@ Packaging Options: 


— 24-Pin Ceramic 300-mil DIP AO-A10 Address Inputs 
— 32-Pad Leadless Ceramic Chip Carrier DQ1-DQ8_ Data Input/Data Out 
E Chip Enable/Power Down 
description G Output Enable 


Military Products | ADVANCE INFORMATION. 


The ‘68CE16 is a common I/O, 16,384-bit static Coe 
random-access memory organized as 2048 Ne Connantion 
words by 8 bits. This memory is fabricated using Bey Sealy 
complementary MOS technology utilizing a full Write Enable 
CMOS (six transistor cell) memory array. 


The ‘68CE16’s static design and control signals 

(E, G, and W) remove the need for refresh 

circuitry and simplify timing requirements. The 

chip-enable pin allows for easy memory expansion and automatic power-down. This feature, in conjunction 
with the full CMOS array, allows for low standby power operation when the memory is deselected, greatly 
reducing the overall memory power requirements. The output-enable pin minimizes bus contention problems 
and adds flexibility. 


information on new products in the sampling or 
preproduction phase of development. Characteristic 


of de ( E 
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Access time from either address or chip enable is a maximum of 25, 35, or 45 ns, allowing speed upgrades 
for new and existing designs. 


operation 


sjonpoig AueqjiN - 


addresses (A0-A10) 
The 11 address inputs select one of the 2048 8-bit words in the RAM. The address inputs must be stable 


‘for the duration of a read or write cycle. The address inputs can be driven directly from standard Series 


54/74 TTL with no external pull-up resistors. 


’ 
sf 


chip enable/power down (E) 


The chip enable/power down terminal, which can be driven directly by standard TTL circuits, affects the 
data-in and data-out terminals and the internal functioning of the chip itself. Whenever the chip enable/power 
down is low (enabled), the device is operational, input and output terminals are enabled, and data can 
be read or written. When the chip enable/power down terminal is high (disabled), the device is deselected 
and put into a reduced-power standby mode. Data is retained during standby. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E must be high when changing addresses to prevent inadvertently 
writing data into a memory location. The W input can be driven directly from standard TTL circuits. 


output enable (G) 


The output-enable terminal affects only the data-out terminals. When output enable is at a logic high level, 
the output terminals are disabled to the high-impedance state. Output enable provides greater output control 
flexibility, simplifying data bus design. 


data in/data out (DQ1-DQ8) 


Data can be written into a selected device when the write-enable input is low. The DQ terminals can be 
driven directly from standard TTL circuits. The three-state output buffer provides direct TTL compatibility 
with a fanout of twenty Series 54LS or 54ALS TTL gates, sixteen Series 54AS TTL gates, or thirteen 
Series 54F TTL gates. The DO terminals are in the high-impedance state when chip enable (E) is high or 
whenever a write operation is being performed. Data out is the same polarity as data in. 
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logic symbolt 


RAM 2048 x 8 


FUNCTION TABLE 


INPUTS OUTPUTS 
| — WG | batvos 


HI-Z Standby Standby 


Data Output Read Active 
HI-Z Read Active 
Data Input Write Active 


X = Don't Care. 


1,2 EN [READ] 
1C3 [WRITE] « 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the JD package. 


functional block diagram 


it DQ1 
DQa2 
LSB | 
AS DQ3 
AA i i 
A7 9 DQa4 
A6 ww 
Ao —=l 3 a2, 
DQ5 
eae Pe 
A10 
DQ6 
eee et 
== a 


“6 
Teac osoner] foown| | —[-[> ca 


Hs 


Ol S| mi 


cH. 
> 
WwW 
> 
N 
> 
a 
> 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tf 


Suppiy voltece cange (dee Nota: 1). c..:... 6 oe 6 oe i ee a aoe -O.5Vto7V 
put VOR THES 1906 NOt ie en eg oon os kata k Wins Sate ace Be ee AE OG re -1Vto7V 
Output voltage range in high-impedance state ..............2 2.2... e eee eee -O0.5Vto7V 
So a Rae Re RRs ar <r) SFP Re ae eee a Pe ae DEAS tena Rertire. | | RR ae eer o m 20 mA 
Minimum operating free-air temperature... .. 2... ee ee es — 55°C 
WIAMINTHIEA: ODBTSTN TS COSE-CBITIGIETUND os. nea sey 0% Sw oda EROS ale es GINS Be wl eseene 125°C 
ROIRON LOTITO THOS eck sss cee haters Ek tek eld yall Ble ena wees —-65°C to 150°C 
ee Sg TS aint eed Sass Renal nm Meee. Mb. Ler Ain SPREE SAC pe At RBs og 1A ae 8 ol Re 200 mA 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to GND. 

2. Vii (min) of —3 V for short pulse durations. Prolonged operation at Vj, levels below —1 V will result in excessive currents 
that may damage the device. 


recommended operating conditions 
Vcc Supply voltage 
Vin High-level input voltage 2.2 Vec+1 
Vi_ Low-level input voltage (see Note 2) ie: GSE CS 
Tc Operating case temperature Fee 


Ta Operating free-air temperature 


NOTE 2: Vi, (min) of —3 V for short pulse durations. Prolonged operation at Vj, levels below —1 V will result in excessive currents 
that may damage the device. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST ‘68CE16-25 ‘68CE16-35 
CONDITIONS 


MIN TYP_MAX 

[Von Highleveloutputvotage _—+4| ~Voc=45Vilon=-4mA | 24 ‘| 24. —~+| v 
Vou Low-level outputvottage | Vcc =48V.lol=@ma_ [Oa 
Tir Input current oad) ———=—SC~dCSC*“‘“‘é sce TO —*O A] 
Fig Output current leakage) | OV = Vo = Vcc, Outputdisabled| —10 10 
: pat ee 

Lee Bes 

Sis RE 12 


lcc Vcc operating supply current Vcc = 5.5V, lg =OmA wa aa ge ae 
inn, VEC supply TTL-level inputs E = Vin. Vcc = 5.5V Bae S| 
CC! current (standby) | CMOS-level inputs DSRS 


E = Vcc+0.3, Vcc = 5.5 V 
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lectrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST 68CE16-45 
CONDITIONS MIN TYP MAX 

VoH_ High-level output voltage Vcc = 4.5V.loH = -4mA Pe lear hed eg tld 
VoL Low-level output voltage Vcc = 4.5V,lo_ = 8mA Sees = 
| Input current (load) OV<Vi<Vcc 2. eS 
io — Output current (leakage) OV < Vo < Vcc, Output disabled Re eee 
Icc Vcc operating supply current Vcc = 5.5 V, lo =OmA Pra Soa eS 

TTL-level inputs E = Vin. Vcc = 5.5 V See See 
lect Vcc supply current (standby) ' — 

CMOS-level inputs E = Vcc +0.3, Vcc = 5.5 V Tee 


lata retention characteristics 


PARAMETER 


Vopr Vcc for data retention 
IcCDR Data retention current 


tcpr? Chip deselect to data retention time 
tr § 
us 


Operation recovery time 


Input leakage current 


TYP values listed are typical values at 25°C. 
te(RD) = read cycle time. 
This parameter is guaranteed but not tested. 


lata retention waveform 


jap—______ DATA RETENTION = 


45V*% . F45V 
Vcc VprR = 2V 


| 
| 
oR 


ViH 


MAX 


Vcc @ 
2.0V 3.0V 


TEST CONDITION UNIT 


Vcc @ 
2.0V 3.0V 


E=Vcc - 0.2V, 
Vin 2 Vcc — 0.2V 


or = GND + 0.2V 


Cc 
PPR #  EREBB & 
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capacitance, Ta = 25°C, f = 1 MHzt 


PARAMETER TEST CONDITIONS 


Cj Input So Tp = 25°C, f = 1MHz, Vcc = 5V 
Cg Output capacitance 


T Capacitance measurements are made on sample basis only. 


timing requirements over recommended supply voltage range and operating temperature range 


tpy Delay time, chip-enable low to power upt 
Delay time, chip-enable high 
tpp ¢ t 
Oo power down 


taAw Address setup to write end 


+This parameter is guaranteed but not tested. 


switching characteristics over recommended supply voltage range and operating temperature range 


TEST 
PARAMETER 


ta(A) | Access time from address Ri = 4819, 


ta(E) | Access time from chip enable low R2 = 2550, 


ta(G) | Output enable low to data valid C_ = 30 pf, 
ty(A) Output data valid after address change See Figure 1a 


ten(w) Output enable time from write enable high§ 


Output enable time from output 
‘en(G) enable (G) low$ : R1 = 4810, R2 = 2550, 


tdis(E) Output disable time from chip enable high 8 Ci = 5 pF, See Figure 1b 


tdis(W) Output disable time from write enable low 8 


syonpoldg AueiiHA G NOLLVINYOSANI ADNVAGV 


Output disable time from output 


‘dis(G) enable (G) high$ 


a 
[ns | 
ten(E) Output enable time from chip enable low§ ae Sa 
Eee | 
ee 


8Transition is measured +500 mV from steady state voltage. This parameter is guaranteed but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


5 V 5V 
R1 = 4812 a sc 
OUTPUT OUTPUT 
UNDER TEST UNDER TEST 
R2 = 2559 C, = 30 pF! R2 = 2550 C, = 5 pFt 
(a) ies of Actual Load E 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 Q 


OUT T g e eentn y 


UNDER TEST 


Lore includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


NOTE 4: t, and te < 5ns. 


FIGURE 2. TRANSITION TIMES 


OTE: All switching characteristics and timing requirements assume test conditions as depicted in Figures 1 and 2 with timing references 
of 1.5 V (50% reference point) as shown in the subsequent timing diagrams. 
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read cycle timing from address? 


> $$ $ torr) el 
l l 


i ’ 
r=—— tA) ale sage? 
i 


DpQ1- : VOH 
PREVIOUS DATA VALID DATA VALID 
pas ven 


TWhen W is high, E is low, and G is low, device is continuously selected. 


read cycle timing from chip enable*t 


t | 
| | VOH 
G | | 
| VIL 


| 

| | 

| | xt tdis(G) —>I 
—— 16 

| | 


| tdis(E) 
Kt ten(G) = CRON | VOH 
: Aaya XO Vit 


r 
: 
4 


— tpy Sis 
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+When W is high, address is valid prior to or simultaneously with the high-to-low transition of E. 
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LOOZZ SVX31 ‘NOLSNOH e@ Evy XOS 3DI540 1SOd 


SLNAWNYLSN] 


dhe SVX4 


S6L-8 


| | 
A a ine a enrre 


; : VOH 
pera DATA UNDEFINED i. ——_—__—<{ 


VOL 


TE or W must be high during address transitions. 

NOTES: 4. The internal write time of the memory is defined by the overlap of CE low and WE low. Both signals must be low to initiate a 
write, and either signal can terminate a write by going high. The data input setup and hold timing should be referenced to the 
rising edge of the signal that terminates the write. 

5.. Data I/O pins enter high-impedance state, as shown when G is held low during write. 
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65,536 x 1 Organization 
Separate 1/O 


Military Temperature Range . .. — 55°C to 
125°C (M Suffix) 


@ Fast Static Operation 


@® Maximum Access Time from Address or 
Chip Enable 
‘61CD64-25 .... 25 ns 
‘61CD64-35 ... 35 ns 
‘61CD64-45 .... 45 ns 


@ Battery Backup Operation . . . 2 Volt Data 
Retention 


Single 5-V Supply (10% Tolerance) 
Automatic Powerdown when Deselected 


3-State Output 


Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


TTL Compatible Inputs and Outputs 


Low Power Dissipation (Vcc = 5.5 V) 
—Active... 715 mW MAX 

—Standby .. . 55 mW MAX (TTL Inputs) 
—Standby . . .5.5 mW MAX (CMOS Inputs) 


@ Standard and Class B Processing 
—SM Prefix . . . Standard Processing 
—SMJ Prefix . . . Class B Processing 


@ Packaging Options: 
—22 Pin Ceramic 300-mil DIP 
—22-Pad Leadless Ceramic Chip Carrier 


Jescription 


The '61CD64 is a separate I/O, 65,536-bit static 
random-access memory organized as 65,536 
words by 1 bit. This memory is fabricated using 
complementary MOS technology utilizing a full 
CMOS (six-transistor cell) memory array. The 
six-transistor cell provides for inherently lower 

soft error rates, improved stability across the 


SM61CD64, SMJ61CD64 
65,536-WORD BY 1-BIT STATIC RAMS 


JULY 1987—REVISED APRIL 1988 


JD PACKAGE 
(TOP VIEW) 


FG PACKAGE 
(TOP VIEW) 


10111213 
Olw oO 
=o 
Oo 


Address Inputs 
Data Input 
Data Output 


Chip Enable/Power Down 
Ground 

5-V Supply 

Write Enable 
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operating temperature range, and low standby power ecoieanes to the four-transistor/two-poly load cell, 


making it ideal for military applications. 


The ‘61CD64’s static design and control signals (E and W) remove the need for refresh circuitry and 
simplify timing requirements. The chip-enable pin provides for easy memory expansion and for automatic 
power-down. This feature, in conjunction with the full CMOS array, greatly reduces the overall memory 


power requirements. 


Access time from either address or chip enable is a maximum of 25, 35, or 45 ns, allowing speed 


enhancements for new and existing designs. 


ADVANCE INFORMATION documents contain 2 Copyright © 1987, Texas Instruments Incorporated 
information on new products in the sampling or ‘ 4 

preproduction phase of Characteristic EXAS 8-197 
data and other specifications are subject to change IN STRUMENTS 


without notice. 
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operation 
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addresses (A0-A15) 


The 16 address inputs select one of the 65,536 1-bit words in the RAM. The address inputs must be stable 
for the duration of a read or write cycle. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable/power down (E) 


The chip enable/power down terminal, which can be driven directly by standard TTL circuits, affects the 
data-in and data-out terminals and the internal functioning of the chip itself. Whenever the chip enable/power 
down is low (enabled), the device is operational, input and output terminals are enabled, and data can 
be read or written. When the chip enable/power down terminal is high (disabled), the device is deselected 
and put into a reduced-power standby mode. Data is retained during standby. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E must be high when changing addresses to prevent inadvertently 
writing data into a memory location. The W input can be driven directly from standard TTL circuits. 


data in (D) 


Data can be written into a selected device when the write-enable input is low. The input terminal can be 
driven directly from standard TTL circuits. Data on the input pin (D) is written into the memory location 
specified: on the address pins (AO-A15). 


data out (Q) 


The three-state output buffer provides direct TTL compatibility with a fanout of twenty Series 54LS or 
54ALS TTL gates, sixteen Series 54AS TTL gates, or thirteen Series 54F TTL gates. The output terminal 
is in the high-impedance state when chip enable (E) is high or whenever a write operation is being performed. 
Data out is the same polarity as data in. 
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logic symbolt 


RAM 65,536 x 1 
0 


X = Don’t Care. 


G1 
1EN [READ] 
1C2 [WRITE] 


73 (9) 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC 
Publication 617-12. 
Pin numbers shown are for the JD package. 


functional block diagram 


INPUT BUFFER <a 


as! 
n 
oo 


MEMORY ARRAY 
128 ROWS 


BY 512 COLUMNS 


ROW DECODER 


= 
” 
wo 


POWER 
DOWN 
CONTROL 


LSB COLUMN DECODER MSB 


A7 ag A9 A13 414 445410 44 A12 


NOTE: Memory array shown is functionally equivalent to 256 rows by 256 columns. 


Data Output 


HI-Z 


FUNCTION TABLE 


Standby 
Read 
Write 


=| 


Standby 
Active 
Active 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Supply voltage -rantia 1606. Note F) 2 kn en so oe ae ces oe we cee eae -0.5 Vto7V\V 
input voltage: range tse6 Note: 2) oo. x. ce ies SON a ck ew Be Ce ea -1Vto7V 
Output voltage range in high-impedance state ............. 20 e ee eee -0.5Vto7V 
ENE G EINE a eS PR id ste a ee Eig as oe OEE Ran FE eh ear a ioe 20 mA 
Minimum operating free-air temperature................... Say arin ey Se SB Teen oa — 55°C 
Maximum operating. Gase-tempereture 0c o. oe ick ee ee SE ey RR ee 125°C 
Sierras tomperengte (0000 0. ce eas oe to ee ee ee —65°C to 150°C 
OE ogra, py 4, Seren ghee ei a eS ar Air «Grae EMO eS oar Gia) Game ET Deltas eich ae Lye SG a 200 mA 


TStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress ratin 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affec 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to GND. 

2. Vit (MIN) of —3 V for short pulse durations of 20 ns or less. Prolonged operation at Vj, levels below —1 V will result ir 
excessive currents that may damage the device. 


recommended operating conditions 


Vee Supply voltage P45 5 55 | 


Vin High-level input voltage 2.2 Veo+1 

Vi__ Low-level input voltage (see Note 2) we eee ree SS 
Tc Operating case temperature BS uae tei 
Ta Operating free-air temperature SS. Sees 


‘61CD64-25 ‘61CD64-35 


TEST 
CONDITIONS 
Vou High-level output voltage —+| Voc =45V.lon=—4mA | 24 | 
Vou Low-level output voltage | Vcc =48V.lol=@ma | ———=—iO 
i__Input current (load) a ee Rs et 
[ig Output current (leakage) | 0V 2 Vo = Vcc, Output disabled] —10 10” 
Petit 
i cekemartager 
ccs ae 


lcc Vcc operating supply current Vec = 5.5V,lo =OmA 
: Vcc supply TTL-level inputs E = Vin, Vcc = 5.5 V 
CC! current (standby) | CMOS-level inputs} E = Vcc +0.3, Vcc = 5.5V 


PARAMETER TEST 61CD64-45 
CONDITIONS MIN TYP MAX 
VoH High-level output voltage Vcc = 4.5V,loH = -—4mA 
VoL _ Low-level output voltage Vcc = 4.5V, lot = 8mA 


\ Input current (load) OV<Vi<Vcc i SaaS 
lo —_ Output current (leakage) OV < Vo < Vcc, Output disabled t..: ee e 
lcc Vcc operating supply current Vcc = 5.5V, lg = OmA eee 
ere Sepa Pea 
lcci Vcc supply current (standby) ES Vin. Voor ae™ 
CMOS-level inputs Ee Oe 


E = Vcc t0.3, Vcc = 5.5V 
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data retention characteristics 


PARAMETER TEST CONDITION Vcc @ 


2.0V 3.0V 


Vcc @ 
2.0V 3.0V 


VprR__—*Vccc for data retention 


ICCDR Data retention current E=Vcc - 0.2V, ES te wheal 
tcpR! Chip deselect to data retention time Vin = Vcc — 0.2 V, aiid Oks 
tr§ Operation recovery time or =< GND + 0.2V  terRD)? 


48 Input leakage current 
(TYP values listed are typical values at 25 °C. 


FT (RD) = read cycle time. 
sThis parameter is guaranteed but not tested. 


data retention waveform 


jeg——______ DATA RETENTION ___y 7 


| MODE 
he tooR— a2. tr 
Vin VDR Vin 


capacitance, Ta = 25°C, f = 1 MHz! 


PARAMETER TEST CONDITIONS 
Ta = 25°C, f = 1 MHz, V =5V 
' es 


{Capacitance measurements are made on sample basis only. 


timing requirements over recommended supply voltage range and operating temperature range 


'61CD64-45 
to(rd) _ Read cycle time i SEs 32 acer, Eee er 2) 
Telwr) Write cycle time Sc Raa es - SRR 1 | SE See 
twiw) __Write-enable pulse duration eet See 
tsu(E) _Chip-enable low to end of write a ee ee ee 
tgu(A) Address setup time to write start 4h DEBROSSE: Gg ye a I 8 
tgu(D) Data setup time to write end Ci TESS A SEIS BS SREB PSs 6 38 
thia) Address hold time from write end Pe er ee ee es 
th(D) __Data hold time from write end ets FEISS Ny Set ESS SS aN A Es 
to power down8 


§This parameter is guaranteed but not tested. 
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switching characteristics over recommended supply voltage range and operating temperature range 


PARAMETER TEST ‘61CD64-25 | ‘61CD64-35 
y CONDITIONS MIN TYP MAX! MIN TYP MAX 
ta(A) Access time from address loH = —4mMA, lot = 8 mA 


ta(E) | Access time from chip enable low C_ = 30 pF, 
ty(A) Output data valid after address change See Figure 1a. 


PARAMETER Mis nines 
CONDITIONS MIN TYP MAX 
ta(A) Access time from address loH = —4mMA, Io_ = 8 mA ris Ss. Ola 
ta(eE) | Access time from chip enable low Cy = 30 pF, 


ty(A) Output data valid after address change See Figure 1a. Se Seay 


481 0, R2 = 255 Q, 
5 pF, See Figure 1b. 


Beer a Satara” 


ea. REST 


TTransition is measured +500 mV from steady voltage; this parameter is guaranteed but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


5V 5V 
R1 = 481 2 R1 = 4819 
OUTPUT OUTPUT 
UNDER TEST UNDER TEST 
R2 = 2550 C, = 30 pF! . R2 = 2550 C, = 5 pFt 
Representation of Actual Load i 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 Q 


OUTPUT AAA 1.73V 


UNDER TEST 


TC, includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


NOTE 4: ty, and t¢ <= 5 ns. 


FIGURE 2. TRANSITION TIMES 


Military Products . ADVANCE INFORMATION 


ITE: All switching characteristics and timing requirements assume test conditions as depicted in Figures 1 and 2 with timing references 


of 1.5 V (50% reference point) as shown in the subsequent timing diagrams. 
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read cycle timing from addresst 


$$ $$ $ $$ $$ + i itt 
; c(rd) ’ 


- a4 
5 ee ers 
I 
, = Q PREVIOUS DATA VALID ¥ X X X x DATA VALID 
2 
‘@) TW is high, and E is low. 
rT 
Bre ord 
= read cycle timing from chip enable* 
a 
5 RS EEE 
=~ | ViH 
> ee ee ee ee ea 
= ViL 
5 eae Reames ta(E) Se ro wt tdis(E) 
: I 
2 }——_————— ten(E) ———_-™ TAWA, | 
ee XK anne pn 
ans AAA : 


r 
i 


ao 


lcc 50% 


*W is high, address is valid prior to or simultaneously with the high-to-low transition of E. 
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G9ZSZ SWX31L'SV11VO @ 210522 XO8 391440 180d 


SLINAWNAULSN 


dy Svxa] 


S02-8 


| 
pa tdis(w) “1 — ten(w) eam 


DATA 
DATA UNDEFI ne : ———---¢ 
OUT NED HI-z 


TE or W must be high during address transitions. 


NOTE: For both W-controlled and E -controlled Write operations, the internal write time of the memory is defined by the overlap of E low and W 
low. Both signals must be low to initiate a write, and either signal can terminate a write by going high. The data input setup and hold times 


should be referenced to the edge that terminates the write. 
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Wa 


EA Sein NNT eS GaNid30NN Viva ino 
HO, c viva 


| 
pom (AA)S1P,} ———oy 


NI 
viva 


Hi, | 
(A), ——} | 
jane (CH) Sy ge} | 


Hi, 


sed Sa Ptaae 


(3)ns, mide eaalt | 
--—— (w)ns, —_ | 


SLV-OV 


ADVANCE INFORMATION Military Products 


TEXAS wy 


STRUMENTS 


IN 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-206 


vithout notice. 


16,384 x 4 Organization 
Common I/O 


Military Temperature Range... —55°C to 
125°C (M Suffix) 


Fast Static Operation 


Maximum Access Time from Address or 
Chip Enable 

‘64C64-25...25 ns 

‘64C64-35 ... 35 ns 

*64C64-45... 45 ns 


Single 5-V Supply (10% Tolerance) 


Battery Backup Operation . . . 2 Volt Data 
Retention 


Automatic Powerdown When Deselected 
3-State Output 


Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


TTL Compatible Inputs and Outputs 


Low Power Dissipation (Vcc = 5.5 V) 

— Active... .715 mW MAX 

— Standby. . . 55 mW MAX (TTL Inputs) 

— Standby... 5.5 mW MAX (CMOS Inputs) 


Standard and Class B Processing 
— SM Prefix . . . Standard Processing 
— SMJ Prefix . . . Class B Processing 


Packaging Options: 
— 22-Pin Ceramic 300-mil DIP 
— 22-Pad Leadless Ceramic Chip Carrier 


escription 


The ‘64C64 is a common 1/0, 65,536-bit static 
random-access memory organized as 65,536 
words by 4 bits. This memory is fabricated using 
complementary MOS technology utilizing a full 
CMOS (six transistor cell) memory array. The six 
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JULY 1987 — REVISED MAY 1988 


JD PACKAGE 
(TOP VIEW) 


FG PACKAGE 
(TOP VIEW) 


PIN NOMENCLATURE 


AO0-A13 Address Inputs 
DQ1-DQ4 Data In/Data Out 


E Chip Enable/Power Down 
GND Ground 


Vcc 5-V Supply 
Ww Write Enable 


transistor cell provides for inherently lower soft error rates, improved stability across the operating 
temperature range, and low standby power compared to the four-transistor/two-poly load cell, making 


it ideal for military applications. 


The '64C64’s static design and control signals (E and W) remove the need for refresh circuitry and simplify 
timing requirements. The chip-enable pin provides for easy memory expansion and for automatic power- 
down. This feature, in conjunction with the full CMOS array, greatly reduces the overall memory power 
requirements. Access time from either address or chip enable is a maximum of 25, 35, or 45 ns, allowing 


speed enhancements for new and existing designs. 
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operation 


addresses (A0-A13) 


The 14 address inputs select one of the 16,384 4-bit words in the RAM. The address inputs must be stable 
for the duration of a read or write cycle. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable/power down (E) 


The chip enable/power down terminal, which can be driven directly by standard TTL circuits, affects the 
data-in and data-out terminals and the internal functioning of the chip itself. Whenever the chip enable/power 
down is low (enabled), the device is operational, input and output terminals are enabled, and data can 
be read or written. When the chip enable/power down terminal is high (disabled), the device is deselected 
and put into a reduced-power standby mode. Data is retained during standby. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E must be high when changing addresses to prevent inadvertently 
writing data into a memory location. The W input can be driven directly from standard TTL circuits. 


data in/data out (DQ1-DQ4) 


Data can be written into a selected device when the write-enable input is low. The DQ terminals can be 
driven directly from standard TTL circuits. The three-state output buffer provides direct TTL compatibility 
with a fanout of twenty Series 54LS or 54ALS TTL gates, sixteen Series 54AS TTL gates, or thirteen 
Series 54F TTL gates. The DQ terminals are in the high-impedance state when chip enable (E) is high or 
whenever a write operation is being performed. Data out is the same polarity as data in. 


logic symbolt 


s}onpoig AsevIIII\ - 


RAM 16,384 x 4 


ao 17) : 
(18) 
Al 
(19) 
A2 
A3 (20) 
ag 20) FUNCTION TABLE 
(1) 
AS 
(2) 
AG 
(3) 
Al —a 
A8 (4) Standby Standby 
AS s Data Output Read Active 
A10 (7) HI-Z Write Active 
A11 
A12 = X = Don’t Care. 
A13 “9 €, 
E [PWR DWN] 
rs 
w 12) 1EN [READ] 
|_| 102 [WRITE] 
(13) 
DQ1 
ary at < A.Z3 
(14) 
DQa2 eatin aut aE ERAS 
(15) 
DO3 75 Bre Be 
DQa4 A TS 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the JD package. 
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functional block diagram 


A 
rare 
ar 


} DATA DRIVER DRIVER al 
AO 
Al 
A2 MEMORY oh BD 


LSB 
) 
w 
D 
A3 E 
A4 S 128 x 128 x 4 
AG E 
R zs 
COLUMN DECODER 
A7 MSB 
A8 
rX:) 
A13 
A10 
A11 
A12 
poo ----- -- + - 
E 
| 
| 
| 
| 
a eaes fe 
1 eS MEMORY CONTROL BLOCK | 


NOTE: Memory array shown is functionally equivalent to 256 x 64 x 4, 


=] 


Qi 


o 


Q2 


o 


Q3 


DQ4 
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SM64C64, SMJ64C64 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUD WOOO. SMe COG NOG. 1). See ee paa's «pha ce Rae ee oe ee tee ara ATS —-0.5 V to 7 
SFAPDASE OEL EIS IPI VO RII) iss ao See eae hone kw 58 a NS epee alana a oie Fue -al Pree -1Vto7 
Output voltage range in high-impedance state .............. 2. ce eee eee ee es -1.0 V to 7 
OU Ere oo 0g ye Lege ieee ria ea 225 oh niin al ae DF ee rR Rey epee Mark ar drs Sasi? ls, ae cara eae an sae 
Minimum: operating Ttee-sir temperature o.oo as oo rene 0 ae oe ee ee el ee — 55‘ 
Maximum operating case-temperature........... 00. ee ee ee 125° 
Strate TOMinGr at NO MENG oo. s are ree ee oe a ad ego owe eee a =-65°C to 150‘ 
Cptettirs Curtis hod Sion ie os a RONG kee ace EW Ee as Sone ee tsean ae 200 rv 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rati 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operati 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affe 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to GND. 

2. Vii (MIN) of —3 V for short pulse durations of 20 ns or less. Prolonged operation at Vj, levels below —1 V will result 
excessive currents that may damage the device. 


recommended operating conditions 


Rui Eisai ee et a EO ES ep ee 
Nec Seyi tee oS a ee ee 
22 Vecst 
Vin. Low-level input voltage (see Note@)SSSCSC~SSSCSYS = Ci 
Tc Operating case temperature Rae 

LWA sth Ag 


Ta Operating free-air temperature 


NOTE 2: Vi, (MIN) of —3 V for short pulse durations of 20 ns or less. Prolonged operation at Vj, levels below —1 V will result in excessi 
currents that may damage the device. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise note 


TE 
PARAMETER ST 64C64-25 64C64-35 
CONDITIONS MIN TYP MAX MIN TYP MAX 


[Vou High-level outputvortage | _Vcc=45Vilow=—4ma | 24 | 24 
[Vou Low-level output voltage | Vec=45V.ig1=8mA | oat Ct 
Ti_Inputeurrent (load) ———SC~C~sCSC‘“‘“‘é OW Wisc —~Y -10~—~SC~C*N | -10——~—S~SO 
Tig Output current (leakage) | OV = Vo. = Vcc, Output disabled] —10 10 [ -10 10] 
oy oe ee 
eS eee 
foe eens ee eR 


lcc Vcc operating supply current Vcc = 5.5V,lo =OmA 
Vcc supply TTL-level inputs E = Vin. Vec = 5.5 V 


| 
CC! current (standby) | CMOS-level inputs} E = Vcc +0.3 V, Vcc = 5.5 V 
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lectrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TTL-level inputs E = Vin. Vcc = 5.5 V 


| Vcc supply current (standby) — 
Cory Tee : CMOS-level inputs E = Vcc+0.2 V, Vcc = 5.5 V 


CONDITIONS | MIN TYP MAX | 

VoH_ High-level output voltage Vcc = 4-.5V,loH = —4mA eee sss 
VoL Low-level output voltage Vcc = 4.5V, lo. = 8mA oe a nD 
\\ Input current (load) OV<Vi<Vcc ek eee 
lo Output current (leakage) OV < Vo < Vcc, Output disabled Pe=WOreg ee 
icc Vcc operating supply current Vcc = 5.5V, Ig =OmA Seewissieee 
mie «> 

eae 


lata retention characteristics 


MAX 
PARAMETER TEST CONDITION Vcc @ Vcc @ UNIT 
2.0V 3.0V|2.0V 3.0V 


Cc 


Miltary)Products ° ADVANCE INFORMATION 


Vopr —~*Vcc for data retention Vv 
IccDR Data retention current | E=Vcc —- 0.2 V, pA 
tcpR? Chip deselect to data retention time Vin = Vcc — 0.2 V Beth eS 
tp Operation recovery time or = GND + 0.2 V Bea as 
8 Input leakage current pice hoc 4 


TYP values listed are typical values at 25°C. 
‘te(RD) = read cycle time. 
‘This parameter is guaranteed but not tested. 


fata retention waveform 


DATA RETENTION 
= eee 


MODE 
5.V , 4.5V 
Vcc a VprR 2=2V 
| 
h-tcDR —»! -— tr ain 
| 
z Vin VDR ViH 
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SM64C64, SMJ64C064 
16,384-WORD BY 4-BIT STATIC RAMS 


capacitance, Ta = 25°C, = 1 MHzt 


PARAMETER TEST CONDITIONS MIN TYP MAX 
i | it 
I 2 le Ta = 25°C, f = 1 MHz, Vcc = 5 V 
Cy $$Output capacitance 


T Capacitance measurements are made on sample basis only. 


timing requirements over recommended supply voltage range and operating temperature range 


‘64064-45 
MIN TYP MAX | MIN TYP MAX 


ake Sem od creda: 
i ee a ee 
ewiw) Wrte-enable pulse duration ——~S~idCSC‘aSC«dSCS 
Pteule) _Chip-eneble low toondof write ———-+|_20.~~—=«dY~SiO 
Fteuta) Address setup time townie stat —«[ iO SSCSC~iCSCi 
FteuiD) Data sotuptimetowrteend ——~—SsdT—t0SSSCSC~dSCB 
Ftnia) Address hold time fromwrteend——~«| 0 —S«dT iO 
[tn(o) Data hold time from wrteend Sid SCS 

a See ee ae Ss 

Peteic tamer 9 pe ae 

her aes OE Goer 


tpy Delay time, chip-enable low to power up* 


tpp Delay time, chip-enable high to power down+ 


taw Address setup to write end 


+This parameter is guaranteed but not tested. 


switching characteristics over recommended supply voltage range and operating temperature range 


TEST ‘64C64-25 | ‘64C64-35 | ‘64C64-45 
PARAMETER 
conpiTions [MIN MAX | MIN MAX | MIN MAX | 


tal(A Access time from address 
ta(E Access time from chip enable low 
ty(A) Output data valid after address change 


ten(w) Output enable time from write enable high § 


See Figure 1a. 


ten(E) Output enable time from chip enable low 8 R1 = 4819, 
Output disable time from R2 = 2550, 
‘dis(E) chip enable high § Ci = 5pF, 
Output disable time from See Figure 1b. 
tdis(W) 


write enable low § 


8Transition is measured + 500 mV from steady state voltage. This parameter is guaranteed but not tested. 
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PARAMETER MEASUREMENT INFORMATION 


5V 5V 
R1 = 4810 R1 = 4810 
OUTPUT . OUTPUT 
UNDER TEST UNDER TEST 
R2 = 255 02 Cy, = 30 pFt R2 = 2550 Cy = 5 pFt 
(b) 


(a) Representation of Actual Load 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 Q 


OUTPUT casitcieinetacinttg lh ideation 1.73 V 


UNDER TEST 


Lory includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


Sy 5 ci cresincaensecernipaecaamesgunmisimssipisinsestiied | ass Kase oacdame> suse eit shee 3V 
90% 
10% / | I\. 10% 
| | Ov 
in Let 
1% ret 
> st, oy et; 
NOTE 5: t, and t¢ < 5 ns. 


FIGURE 2. TRANSITION TIMES 
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IOTE: All switching characteristics and timing requirements assume test conditions as depicted in Figures 1 and 2 with timing references 
of 1.5 V (50% point) as shown in the subsequent timing diagrams. 
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read cycle timing from addresst 


fe $$ $$$ t.¢)§ 
c(rd) 


| | VIH 
AO-A11 
| ViL 


ea ae ta(A) ei oes 


| 
ra— tyia) Von 
pQ1- PREVIOUS 
pa4 DATA VALID wApprreese sng 3 
OL 
TW is high, and E is low. 
read cycle timing from chip enable*t 
en tg) ——_______ 
‘ c(rd) Vin 
E 
| | ViL 


ta(E) —————>1 | 
a | tis (E) | 


a ee | iia 
ore eS ae Zz VOOR DATA VALID HI-Z oe 


| 
ke—tpy — Le— tpp Bt 


‘ | Icc 
Icc 50% 50% 
Icc1 


+W is high, address is valid prior to or simultaneously with the high-to-low transition of E. ~ 
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write cycle timing controlled by write enablet 


[ee ae Ce tee ee pie SRE 1S I eae a seeds SEN 
te(wr) 


fea t | 
| su(E) | 


(i ae ate tie arcana | | 


| | 
DATA-IN VALID 


| | 
i tdis(W) ox ten w) > 


DATA ‘ | VOH 
6 DATA UNDEFINED }¥———————H-z —{ 
VOL 


TE or W must be high during address transitions. 

NOTE: For both W-controlled and E-controlled Write operations, the internal write time of the memory is defined by the overlap of E 
low and W low. Both signals must be low to initiate a write, and either signal can terminate a write by going high. The data input 
setup and hold times should be referenced to the edge that terminates the write. 
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write cycle timing controlled by chip enablet 


=| 


DATA '\/ DATA \' VIH 
IN VALID 
ViL 
| A 
-— tdis(W) aaa 


/ VOH 
DATA DATA UNDEFINED $k caicnencaninaniabeseiilaite cL 
OUT VoL 


TE or W must be high during address transitions. 
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SM68CE64, SMJ68CE64 


8192-WORD BY 8-BIT STATIC RAMS 


Military Temperature Range... —55°C to NE 
125°C (M Suffix) ees 

@ Fast Static Operation A6 
Battery Back-Up Operation . . . 2-Volt Data AS 
Retention RA 

A3 

@ Maximum Access Time from Address or. A2 
Chip Enable Al 
"68CE64-25 .... 25 ns AO 
"68CE64-35 ...35 ns DQ1 
"68CE64-45 ... 45 ns DQ2 


® Single 5-V Supply (10% Tolerance) 


@ Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


@ TTL Compatible Inputs and Outputs 
3-State Outputs 
Low Power Dissipation (Vcc = 5.5 V) 


— Active .. . 660 mW MAX 
— Standby. . . 55 mW MAX (TTL Inputs) 
— Standby... 5.5 mW MAX (CMOS Inputs) 


@ Standard and Class B Processing 
— SM Prefix . . . Standard Processing 
— SMJ Prefix . . . Class B Processing 


@ Output Enable for Bus Control 


@ Two Chip-Enable Pins for Increased 
Flexibility 


@ Packaging Options: 
— 28-Pin Ceramic 300-mil DIP 
— 32-Pad Leadless Ceramic Chip Carrier 


description 


The ’68CE64 is a common !/O, 65,536-bit static 
random-access memory organized as 8192 
words by 8 bits. This memory is fabricated using 
complementary MOS technology utilizing a full 
CMOS (six transistor cell) memory array. Access 
time from chip enable or address is available for 
25, 35, or 45 ns cycle times, while maximum 


AO-A12 
DQ1-DQ8 
E1 

E2 


APRIL 1987 — REVISED MAY 1988 


JD PACKAGE 
(TOP VIEW) 


FG PACKAGE 
(TOP VIEW) 


Address Inputs 

Data In-Data Out 

Chip Enable/Power Down 
Chip Enable 

Output Enable 

Ground 

No Connection 

5-V Supply 

Write Enable 


Military Products - ADVANCE INFORMATION 


power dissipation is less than 660 mW. This reduces to 55 mW (TTL Inputs) or 5.5 mW (CMOS Inputs) 
during standby operation. 


The ‘68CE64’s static design and control signals (E1, E2, G, and W) remove the need for refresh circuitry 
and simplify timing requirements. The two enable pins add flexibility and simplify memory expansion/design. 
The output-enable pin minimizes bus contention problems. 


ADVANCE INFORMATION documents contain ° Copyright € 1987, Texas Instruments Incorporated 
information on new bane in the Preaes20 or 
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The ‘68CE64 static RAM provides single 5-V operation with all inputs and outputs compatible with standard 
TTL and CMOS voltage levels. 


operation 


sjonpoidg Ase vif 


addresses (A0-A12) 


The 13 address inputs select one of the 8192 8-bit words in the RAM. The address inputs must be stable 
for the duration of a read or write cycle. The address inputs can be driven directly from standard Series 
54/74 TTL without external pull-up resistors. 


chip enable/power down (E1) 


The chip enable/power down terminal (E1) can be driven directly by standard TTL circuits, and affects the 
powerdown/deselect function of the chip. Whenever E11 is high (disabled), the device is put into a reduced 
power standby mode. Data is retained during the standby mode. 


chip enable (E2) 


The chip enable terminal (E2) affects the chip deselect function. Whenever chip enable (E2) is high (enabled), 
and chip enable/powerdown (E1) is low (enabled) the device is operational, and data may be written or 
read provided input and output terminals are enabled. Whenever chip enable (E2) is low and chip 
enable/powerdown (E1) is low, the device is in the powered-up deselected state. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E1 must be high or E2 must be low when changing addresses 
to prevent inadvertently writing data into a memory location. The W input can be driven directly from 
standard TTL circuits. 


output enable (G) 


The output-enable terminal, which can be driven directly from standard TTL circuits, affects only the data- 
out terminals. When output enable is at a logic high level, the output terminals are disabled to the high- 
impedance state. Output enable provides greater output control flexibility, simplifying data bus design. 


data in/data out (DQ1-DQ9) 


Data can be written into a selected device when the write-enable (W) input is low, chip enable/powerdown 
(E1) is low, and chip enable (E2) is high. Data can be read when write enable (W) is high, chip 
enable/powerdown (E1) is low, chip enable (E2) is high, and output enable (G) is low. The DQ terminals 
can be driven directly from standard TTL circuits. The three-state output buffers provide direct TTL 
compatibility with a fanout of twenty Series 54LS or 54ALS TTL gates, sixteen Series 54AS TTL gates, 
or thirteen Series 54F TTL gates. 
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SR RA SU TS SENS A RACERS MARS RS RSA ESR AGEN BORE SEA CET SR ND RR: Det YC NE a SISA A TE CR mS ARIS AS NS, 


logic symbolt 


AO (10) 
(9) 
A1 
(8) 
A2 
(7) 
A3 
(6) 
A4 
(5) 
A5 
(4) 
A6 
(3) 
A7 
(25) 
A8 
(24) 
AY 
(21) 
A10 
(23) 
A11 
A12 (2) 
m (20) 
E2 (26) 
og 
we) 1,2 EN [READ] 
1C3 [WRITE] 
DO1 (11) 
FUNCTION TABLE 
Da2 “ = 
po31= [E1 £2 W_ G| inpuOutputs| Mode 
paa 
paso) 
pa612) 
po718) 
pag!) [4 HA 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
Pin numbers shown are for the JD package. 


x: =-Don‘t Care. 
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functional block diagram 


& 
ae i n 
a2 MEMORY ARRAY te pik 
art} “eax es es me, 
AG on be pas 
A10 ait S ae 
MSB ug 
SPE eS _—— | De DQ7 
E1 dG | tH = 
es Pisin COLUMN DECODER | | DOWN lu 
[ona 


& 


AS A4 A3 A2 Al AO 


= 
= 
© 
2 
as © | 
=] 
© 
2. 
= 
© 
me 
~” 


SR SS BS SEE SSE EAT ES DIN YET PLES SE ST EA ETD TORE TY PES RE YT PE TILES CELT ETB, 
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Jata retention characteristics 


PARAMETER TEST CONDITION Vcc @ Vcc @ UNIT 


2.0V 3.0V;/;2.0V 3.0V 


100 
pins 
is Beng 


Vpr__—*Vcc for data retention 
lccpDR Data retention current 


E1 = Vcc - 0.2V, 
Vin = Vcc — 0.2V, 
or s GND + 0.2V 


tcpr? Chip deselect to data retention time 


tr § Operation recovery time 

1,12 Input leakage current 
tTYP values listed are typical values at 25 °C. 
HT c(RD) = read cycle time. 

This parameter is guaranteed but not tested. 


data retention waveform 


ja—______ DATA RETENTION Rae Re 


| MODE l 
ocr 4.5V | ve ca ie 
he tcoR—= = ae tr 
E1 ViH VDR Vi 


ibsolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


super voiteade ranue (see Note 1) .25 ash ee SS eg ees eee ws -O0.5Vto7V 
input. voueoe range: tege-Nate. 2)>. 3503 OS cee a a i ad oe we -1Vto7V 
Output voltage range in high-impedance state ............. eee eee ee ee ee -0.5Vto7V 
RRS eA Fe ye od aie rn a yaa oe eR wae Ea NRA ka We oe a wane ew ee gw a OS 20 mA 
Minimum operating free-air temperature... 2... 2... ee ee ee ees —55°C 
Ma ximmiliin ODGFRTING .COSO-TOMPOFOTUIG oo i i vince See we ee Ce whe ye eee ee biheees we 425°C 
OCI SERINE LUT TTI sel o Gos A uae ons amc Fw aces he VERS TS —65°C to.150°C 
a NE ee a a ape 8 es Be Ee ae a OW SE Re 200 mA 


Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 
lIOTES: 1. Voltage values in this data sheet are with respect to GND. 
2. Vi_ (min) for short pulse durations of 20 ns or less. Prolonged operation at Vj, levels below —1 V will result in excessive 
currents that may damage the device input. 
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recommended operating conditions 


RS ea a ees Ie eG 
Vee Supply voltage 458 65 | V 
Vi High-level input voltage 2.2 Vect+1 


Vit Low-level input voltage (see Note 2) 
Tc Operating case temperature 
Ta Operating free-air temperature 


NOTE 2: Vj, (min) for short pulse durations of 20 ns or less. Prolonged operation at Vj,_ levels below — 1 V will result in excessive current 
that may damage the device input. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST "68CE64-25 ‘68CE64-35 UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 


VoG-= 45N, lon 4 mA Pee ae ee 
Veo ws Silo = ak. i eer, ee 
OV = Vi s Vcc i See SS eee 
OV =Vo=Vcc, Outputdisabled| -10 10 | -10 10 | WA 
Veo = BEV ig = OMA fs 4 18 1207] mA 

current (standby) E1=Vcc+0.3,Vec=55V | 09] ~~ 09] mA 


TEST 

[Vou High-level outputvotage———SSSC~‘SCSC‘C = BVI =—4mA iY a 
[Vou Low-level outputvoltege——SSC~—SSC c= VI mA TC 
Th __Inputeurrent ose) —————SSCSCS~SCSSSSSCSC CdCI SC*O 
[ig Output current leakage) __——=~SCSCS~S~*CSC“V SV = Vcc, Output dinabled [| 1010” 
| saul h D 

pana geniOy A, 

annar newton 


lcc Vcc operating supply current Vcc = 5.5V,lo =OmA 
TTL-level inputs E1 = Vin. Vec = 5.5 V 
fea VS Giles canter tetenanid Cae 
cel Ge PuREry ACent Steet) CMOS-level inputs 


E1 = Vcc t0.3, Vcc = 5.5 V 
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SM68CE64, SMJ68CE64 
8192-WORD BY 8-BIT STATIC RAMS 


capacitance, Ta = 25°C, f = 1 MHzt 


PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT 
a Se ee 
ee Ta = 25°C, f = 1 MHz, Vcc = 5V ome 
See 


Cj 
Cy Output capacitance 


T Capacitance measurements are made on sample basis only. 


timing requirements over recommended supply voltage range and operating temperature range 


‘68CE64-35 ‘68CE64-45 y 


MIN TYP MAX MIN TYP MAX 


tsu(E2) Chip-enable 2 high to end of write 


tsul(A Address setup time to write start 


tsu(D) Data setup time to write end 
th(A) Address hold time from write end 
thiD Data hold time from write end 


tpy Delay time, chip-enable E1 low to power up* 


Delay time, chip-enable E1 high 
tPpD ‘ . 
Oo power down 


taw Address setup to write end 


switching characteristics over recommended supply voltage range and operating temperature range 


TEST "68CE64-25| ‘'68CE64-35 | '68CE64-45 
P TE 
a CONDITIONS zusdd 


ta(A) | Access time from address 

tai(E1) | Access time from chip enable E1 low 

ta(E2) Access time from chip enable E2 high : 
ta(G) | Access time from output enable low 


ty(A) | Output data valid after address change 


R1 = 4810, R2 = 2550 
CL = 30pF, 
See Figure 1a 


ten(W) Output enable time from write enable high 


+ This parameter is guaranteed but not tested. 
NOTE 4: Transition is measured + 500 mV from steady state voltage. This parameter is guaranteed but not tested. 


R2 = 25590, 
R1 = 4819, 
C. = SpF, 
See Figure 1b and 
Note 4 


Military Products - ADVANCE INFORMATION 


; 
TEXAS 4 | 8-223 
INSTRUMENTS 


POST OFFICE BOX 1443 @® HOUSTON. TEXAS 77001 


SM68CE64, SMJG8CE64 | 
8192-WORD BY 8-BIT STATIC RAMS 


SUSE TSG AOR ES TE PID ERS VE NSS Dt IAA AMR AE OS PR CP LEN IES ATREN, SE CET RT A IE ES 
PARAMETER MEASUREMENT INFORMATION 


5 V 5V 
R1 = 4810 R1 = 4819 
OUTPUT OUTPUT 
UNDER TEST UNDER TEST 
R2 = 2552 Cy = 30 pF! R2 = 2552 Cy = 5 pFt 
a to 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 Q 


OUT A agg oo egy 


UNDER TEST 


te, includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


NOTE 5: t,andt¢ < 5ns. 


FIGURE 2. TRANSITION TIMES 


syonpolg AJesIHIN | NOILVINYOSANI AONVACV 


NOTE: All switching characteristics and timing requirements assume test conditions as depicted in Figures 1 and 2 with timing references 
of 1.5 V (50% reference point) as shown in the subsequent timing diagrams. 
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SM68CE64, SMJ68CE64 
8192-WORD BY 8-BIT STATIC RAMS 


read cycle timing from addresst 


ep AE ETIIS ES EEE S ETE SOMERS | SSS | RS eee | 


AO- | l ViIH 
A12 1 

| VIL 

be }—$—$—$ $$ ta( fp 

be ty( 4) —— | 3 
pat. orn = 
sats PREVIOUS DATA VALID AX OY DATA VALID ia 


TW is high, and E is low. 
read cycle timing from chip enable* 
$$$ t¢ (rg) ——_____- 
| ViL 


i | VIL 
eo eee 
| | Vin 


tate) antl = tdis(E1) ™ 
l alE2) l It telis(E2) o> 
os | 
G | | | | 
| | : 
| late ty gi [ 
| = k——— tdis(g) ———>| 
| Dee ! Von 
VYVY\ | 
pas NAXKX 
ht n(E2) = : ot 
e 
ton(E1) > re | 
tpu lec 


Icc 50% 50% 


tW is high, address is valid prior to or simultaneously with the high-to-low transition of E. 
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write cycle timing controlled by write enablet 


9 Gigi ers 


Vv 
A1z ! ViL 


| 

o—_—————_—_—_—_—————_ tsu(E1) Vin 
E1 

. VIL 


E2 
| ViL 
| ——__—__—_—_———_ tsy(E2)_ ———__ 


| 
ViH 
G : 
pe foo a 
AW Vit 


he-thia) >! 
heteeeoaenieenvitenst A) Leta Oe a | 


DATA-IN VALID 


le VOH 
DATA DATA UNDEFINED YY} Hz ————_< 
/0 VoL 


TE1 or W must be high during address transitions. 


ok write cycle timing controlled by chip enablet 


sjonpoidg Alen 


ee 
12 
5 | | ' ViL 
| | 
| 
: er a es Vin 
E1 t ¥ 
Vv 
» 
eee: | Vv 
E2 | IH 
fo -— *eE2). VIL 


W QQ | VUMMMMM/M/M@!V@!@@t 


ViL 
we 4 tsu(D) —— ed 
| I <——e~- th(D) 
DATA : VIH 
s DATA-IN VALID 
ViL 


_ 2 tdis(W) 


VOH 
PATA DATA UNDEFINED Hi-z —————_—____ 
V0 VOL 


TE or W must be high during address transitions. 
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8192 x 9 Organization 
@ Common I/O 


@ Military Temperature Range... —55°C to 
125°C (M Suffix) 


@ Fast Static Operation 


Battery Back-Up Operation . . . 2-Volt Data 
Retention 


@ Maximum Access Time from Address or 
Chip Enable 
"69CE72-25...25 ns 
‘69CE72-35...35 ns 
"69CE72-45 ....45 ns 


Single 5-V Supply (10% Tolerance) 


@ Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


TTL Compatible Inputs and Outputs 
3-State Outputs 


Low Power Dissipation (Vcc = 5.5 V) 

— Active... . 660 mW MAX 

— Standby... 55 mW MAX (TTL Inputs) 

— Standby. . . 5.5 mW MAX (CMOS Inputs) 


@ Standard and Class B Processing 
— SM Prefix . . . Standard Processing 
— SMJ Prefix . . . Class B Processing 


Output Enable for Bus Control 


@ Two Chip-Enable Pins for Increased 
Flexibility ‘ 


@ Packaging Options: 
— 28-Pin Ceramic 300-mil DIP 
— 32-Pad Leadless Ceramic Chip Carrier 


description A0-A12 


The ‘69CE72 is acommon I/O, 73,728-bit static DQ1-009 
random-access memory organized as 8192 
words by 9 bits. Bit nine is generally used for 
parity bit storage for improved system reliability. 
This memory is fabricated using complementary 
MOS technology utilizing a full CMOS (six 
transistor cell) memory array. Access time from 
chip enable or address is available for 25, 35, | 
or 45 ns cycle times, while maximum power 


E2 


SM69CE72, SMJ69CE72 


8192-WORD BY 9-BIT STATIC RAMS 


' APRIL 1987—REVISED MAY 1988 


JD PACKAGE 
(TOP VIEW) 


FG PACKAGE 
(TOP VIEW) 


Address Inputs 

Data In/Data Out 

Chip Enable/Power Down 
Chip Enable 

Output Enable 

Ground 

No Connection 

5-V Supply 

Write Enable 


dissipation is less than 660 mW. This reduces to 55 mW (TTL Inputs) or 5.5 mW (CMOS Inputs) during 


standby operation. 


¥ 
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SM69CE72, SMJ69CE72 
8192-WORD BY 9-BIT STATIC RAMS 


The '69CE72’s static design and control signals (E1, E2, G and W) remove the need for refresh circuitry 
and simplify timing requirements. The two enable pins add flexibility and simplify memory expansion/design. 
The output-enable pin minimizes bus contention problems. 


The ‘69CE72 static RAM provides single 5-V operation with all inputs and outputs fully compatible with 
standard TTL and CMOS voltage levels. 


operation 


s}onpoig Asev IN 


addresses (A0-A12) 


The 13 address inputs select one of the 8192 9-bit words in the RAM. The address inputs must be stable 
for the duration of a read or write cycle. The address inputs can be driven directly fd standard Series 
54/74 TTL without external pull-up resistors. 


chip enable/power down (E1) 


The chip enable/power down terminal (E1) can be driven directly by standard TTL circuits, and affects the 
powerdown/deselect function of the chip. Whenever E11 is high (disabled), the device is put into a reduced 
power standby mode. Data is retained during the standby mode. 


chip enable (E2) 


The chip enable terminal (E2) affects the chip deselect function. Whenever chip enable (E2) is high (enabled), 
and chip enable/powerdown (E1) is low (enabled) the device is operational, and data may be written or 
read provided input and output terminals are enabled. Whenever chip enable (E2) is low and chip 
enable/powerdown (E1) is low, the device is in the powered-up deselected state. 


write enable (W) 


The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; 
a logic low selects the write mode. W or E1 must be high or E2 must be low when changing addresses 
to prevent inadvertently writing data into a memory location. The W input can be driven directly from 
standard TTL circuits. 7 


output enable (G) 


The output-enable terminal, which can be driven directly from standard TTL circuits, affects only the data- 
out terminals. When output enable is at a logic high level, the output terminals are disabled to the high- 
impedance state. Output enable provides greater output control flexibility, simplifying data bus design. 


data in/data out (DQ1-DQ9) 


Data can be written into a selected device when the write-enable (W) input is low, chip enable/powerdown 
(E1) is low, and chip enable (E2) is high. Data can be read when write enable (W) is high, chip 
enable/powerdown (E1) is low, chip enable (E2) is high, and output enable (G) is low. The DQ terminals 
can be driven directly from standard TTL circuits. The three-state output buffers provide direct TTL 
compatibility with a fanout of twenty Series 54LS or 54ALS TTL gates, sixteen Series 54AS TTL gates, 
or thirteen Series 54F TTL gates. 
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logic symbolT 


FUNCTION TABLE 


(Ei £2 W_ G| inpuviOutputs| Mode 
THX XX] HighZ | Deselect Power Down 
Lx Xx] Highz | Deselect 

H BE a 

H H 


RAM 8192 x 9 


0 


PEYH 0M] Oca | We 
[High Z| Deselect 


= Don’t Care. 


G2 
1,2 EN [READ] 
1C3 [WRITE] 


J 
b 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the JD package. 


Oo 

le) 

ol 
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8192-WORD BY 9-BIT STATIC RAMS 


functional block diagram 
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SM69CE72, SMJG9CE72 
8192-WORD BY 9-BIT STATIC RAMS 


data retention characteristics 


PARAMETER TEST CONDITION ” 
Vb |. 2.0 | 
t 


Typt 


Vcc @ 
2.0V 3.0V 


peters [ys 


E1 = Vcc - 0.2 V, 
Vin = Vcc — 0.2 V, 
or < GND + 0.2 V 


TTYP values listed are typical values at 25°C. 
*to(RD) = read cycle time. 
This parameter is guaranteed but not tested. 


R Vcc for data retention 


pees 
Aer 


eee 
jaa RE ek 
| ns 
ee gee Mie 
lady Nobel aod 


data retention waveform 


DATA RETENTION 
' MODE 


7 4.5V 4.5V 
cc a VpR =2V 


a 
tR—3 
TKK VR TRXKKKKKKY 
ET OQ “IH H QQ 
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SM69CE72, SMJ69CE72 
8192-WORD BY 9-BIT STATIC RAMS 


eRe a ae ES gS RNP aE ARDS STE SES BT SEES ES RS SE ERA RU CT Sea | 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range (see Note ¥) 0... 1. ee et ee ete eee ee eee -O.5Vto7V 
Input voltage range (see Note 2) .............2++2000e ta tae aaa ee ae -1Vto7V 
Output voltage range in high-impedance state ........ vb eas oe aA a ee -0.5Vto7V 
Gutput- CUMOGR? ni se es cass ter aie oe a ke bey ue PRONE POE aire eas 20 mA 
Minimum operating free-air temperature. 3... 6. eee wae eh oleate ante d kre ee ne —55°C 
Maximum Goering caseemnerature. . x... se 0 dw pee a i ae OE ee ee 125°C 
Storace tennerarne tanee- s so Sg ei is ass ba eS Teen eae —-65°C to 150°C 
LGC t iit) CUFT OENE es sti wos eae nie gs bea oe oe An PR nee ee ee 200 mA 


TStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to GND. 

2. Prolonged operation at Vj, levels below —1 V will result in excessive currents that may damage the device input. 


recommended operating conditions 


Vit Low-level input voltage (see Note 3) 
Tc Operating case temperature 
Ta Operating free-air temperature 


NOTE 3: Vi, (min) for short pulse durations of 20 ns or less. Prolonged operation at Vj,_ levels below — 1 V will result in excessive currents 
that may damage the device input. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER ieacis 
CONDITIONS 


PARAMETER Uae 
CONDITIONS 


‘69CE72-45 


MIN TYP MAX 


TVOH High-leveloutputvottage Sd SSC 45VIH=-4mA | 2 
FVou Low-leveloutputvoitage Sd] SCC 45 =8mA OTC 
fi__Inputcurrentiload) SSSCS~*~—“‘“(RTSOCOC#CO#*#;UOWasWisVcc—SC«dT -10~=S*~=~*~« 
Fig Output current leakage) ———SSSSSSC*d~SCOV VO SVC, Outputdisabled | -10 +10 
icc__ Vcc operating supply current P Meg=68Vig=Oma | 0 | 
lcci Vcc supply current (standby) = eiltecBec, ssa 8 irc Bd ec REE Se 
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SM69CE72, SMJ69CE72 
8192-WORD BY 9-BIT STATIC RAMS 


capacitance, Ta = 25°C, f = 1 MHzt 


PARAMETER TEST CONDITIONS 
C Input capacitance 


i 
Ta = 25°C, f = 1 MHz, = 
Cy Output capacitance A Cc z,Vcc = 5 V 


T Capacitance measurements are made on sample basis only. 


timing requirements over recommended supply voltage range and operating temperature range 


| '69CE72-25 |  ‘69CE72-35 ‘69CE72-45 


te(rd) Read cycle time 
te(wr) Write cycle time 


iias. Zameen 20 Ret Ae es BL ees SETS 
Bi, SESS SN SES SE eae 
wae oe ee 
[telat —Crpermble: Slow ta end of wilte fa 0 
| tsu(E2) _Chip-enable 2hightoendofwrite {15 | 20 ts 
| Nau(Aje—AdGreme Spain tiene tocwrite yer, 52> <8) OE tO Oe 
Saint =< Data ontiap tire tp- wert Gael fp Og IS ee | 0 ae 
aia Abdomen eoneee teen writ wit Po 0 Oe 
Sieh > Die Teel Svea Som weelts angel sO Oe 0 ed ee 

ES SSSI oS pads A Ge eee: aS SE 

Pasa Se ER oo a AO 


tpyu Delay time, chip-enable E1 low to power up* 


Delay time, chip-enable E1 high 


t 
PD to power down t 


taw Address setup to write end 


PARAMETER 


tal(A Access time from address 


t Access time from chip enable E1 | 
a(E1) tin beans Sorted R1 = 4810, R2 = 2550 

ta(E2) Access time from chip enable E2 high ie ane 
taiG) | Access time from output enable low eee 

- See Figure 1a 
tyi(A Output data valid after address change 
ten(wW) Output enable time from write enable high 
ten(E1) Output enable time from chip enable E1 low 
ten(E2) Output enable time from chip enable E2 high | 2, _ 491 Ro = 2559 
ten(G) Output enable time from output enable low Cy = GpF 
tdis(E1) Output disable time from ote enable E1 high |. See Figure aca 


tdis(E2) Output disable time from chip enable E2 low Note 4 
tdis(W) Output disable time from write enable low 
tdis(G) Output disable time from output enable high 


+This parameter is guaranteed but not tested. 
NOTE 4: Transition is measured + 500 mV from steady state voltage. This parameter is guaranteed but not tested. 
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SM69CE72, SMJ69CE72 
8192-WORD BY 9-BIT STATIC RAMS 


PARAMETER MEASUREMENT INFORMATION 


5 V 5 V 
R1 = 4810 ib Sagat BBs 
OUTPUT OUTPUT 
UNDER TEST UNDER TEST 
R2 = 2550 C_ = 30 pF! R2 = 2550 Cy = 5 pFt 
(a) (b) 


THEVENIN EQUIVALENT OF (a) OR (b) 


167 Q 


OUTPUT sk aa 


UNDER TEST 


TC) includes jig and scope capacitances. 


FIGURE 1. OUTPUT LOAD CIRCUIT 


+t, and t¢ <= 5 ns. 


FIGURE 2. TRANSITION TIMES 


NOTE 5: All switching characteristics and timing requirements assume test conditions as depicted in Figures 1 and 2 with timing references 
of 1.5 V (50% reference point) as shown in subsequent timing diagrams. 
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SM69CE72, SMJ69CE72 
8192-WORD BY 9-BIT STATIC RAMS 


read cycle timing from addresst 


es SIGE SER IROL EUR IOE EEE, RD A ARRON RAAT Cie Teas 


AO- | ViH 
A12 | a 
| IL 
—_—_—_—_—" ta( A) Semen 
vee an a 
DQ1- CCCCCCO OS #en 
pag PREVIOUS DATA VALID ¥ x KK o¢ SOY DATA VALID ee 


TW is high, and E is low. 


read cycle timing from chip enable*t 


$$. te (rd) ——————————__» 


Bs | | ViH 
E1 
| | VIL 


| | Vv 
E2 IH 
| | VIL 
beg——— tg(E1)———™ pe ————tmel— tyisE4) 
eee ta(E2)-—— > Le eel - taisie2) 
| l 
. | | | ! | 
i ha— ta(G) — | | 
| | <-——— tdis(G) ——_™ 
l ges ene : | Vv 
1- | Oe | OH 
pag OX XY Vv 
ten(E2) ; aaeee OL 
ten(E1) <> — tpp = 


| 
SRL ss am ; | Icc 
Icc 50% i 50% 
Icc1 


+W is high, address is valid prior to or simultaneously with the high-to-low transition of E. 
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write cycle timing controlled by write enablet 


ER sR A RR am. Nak RE RR ORE RE CAs 
A12 | ViL 
So aa ViH 
E1 
ViL 
ViH 
E2 
Vy, : WM Vit 
| | EAD SEA SAE tgu(E2) scnsnsiekacdictiieseocaesteiaiasilal 


CE SF ihecos J RUA eae 
Pe tw (WwW) -———1 


: sul Dio et Vin 
re DATA-IN VALID 
Vit 
a——ton(W)-——_> 


| 
OTC, t 
dis(W) | VoH 


eae DATA UNDEFINED }———wz————K 
VOL 


TE or W must be high during address transitions. 


write cycle timing controlled by chip enablet 
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A MII 


+ t(D) ———o 
| | a th(D) 


| ViH 
oyu | DATA-IN VALID 
ViL 


= tdis(W) 


| 
VOH 
V0 
VoL 


TE or W must be high during address transitions. 
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SM61C0D256, SMJ61CD256 
262,144 BY 1-BIT STATIC RAMS 


DECEMBER 1987—REVISED FEBRUARY 1988 


262,144 x 1 Organization JD PACKAGE 
(TOP VIEW) 


Separate |/O 


Military Temperature Range . .. — 55°C to 
125°C (M Suffix) 


Fast Static Operation 


Maximum Access Time from Address or 
Chip Enable 

’61CD256-35 ... 35 ns 

°61CD256-45 ... 45 ns 

‘61CD256-55 ... 55 ns 


Single 5-V Supply (10% Tolerance) 
Automatic Powerdown when Deselected 
3-State Output 


Complementary Silicon Gate MOS Address Inputs 
Technology with a 6-Transistor Memory Cell Data Input 

Data Output 

Chip Enable/Power Down 
Low Power Dissipation (Vcc = 5.5 V) Ground 

—Active ... 660 mW MAX 5-V Supply 
—Standby. . . 27.5 mW MAX (TTL Inputs) Ww Write Enable 
—Standby . . .1.1 mW MAX (CMOS Inputs) 


Standard and Class B Processing 
—SM Prefix . . . Standard Processing 
—SMJ Prefix . . . Class B Processing 


TTL Compatible Inputs and Outputs - 


Packaging Options: 
—24-Pin Ceramic 300-mil DIP 
— 28-Pad Leadiess Ceramic Chip Carrier 


Chip Enable Pin for Memory Expansion and 
Standby Operation 


description 


The '61CD256 is a separate I/O, 262,144-bit static random-access memory organized as 262,144 words 
by 1 bit. This memory is fabricated using complementary MOS technology utilizing a full CMOS (six-transistor 
cell) memory array. The six-transistor cell provides inherently lower soft error rates, improved stability over 
the operating temperature range, and very low standby power compared to the four-transistor/two-poly 
load cell, making it ideal for military applications. 


The ‘61CD256’s static design and control signals (E and W) remove the need for refresh circuitry and 
simplify timing requirements. The chip-enable pin provides for easy memory expansion and for automatic 
power-down. This feature, in conjunction with the full CMOS array, provides for very low standby power 
operation when the memory is deselected, greatly reducing the overall memory power requirements. 


Access time from either address or chip enable is a maximum of 35, 45, or 55 ns, allowing speed 
enhancements for new and existing designs. 


PRODUCT PREVIEW documents contain information dig Copyright © 1987, Texas Instruments Incorporated 
on p 


roducts in the formative or design phase of 


development. Characteristic data and other 
specifications are design goals. Texas Instruments 
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65,536 x 4 Organization 


Common 1/O 


Military Temperature Range . . . —55°C to 
125°C (M Suffix) 


Fast Static Operation 


Maximum Access Time from Address or 
Chip Enable 

"64C256-35 .... 35 ns 

’64C256-45 ... 45 ns 

"64C256-55 ... 55 ns 


@ Single 5-V Supply (10% Tolerance) 


Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


TTL Compatible Inputs and Outputs 


Low Power Dissipation (Vcc = 5.5 V) 
-—Active ... 660 mW MAX 

—Standby.. . 27.5 mW MAX (TTL Inputs) 
—Standby .. . 1.1 mW MAX (CMOS 
Inputs) 


@ Standard and Class B Processing 
—SM Prefix . . . Standard Processing 
—SMJ Prefix . . . Class B 


@ Chip Enable Pin for Memory Expansion and 
Standby Operation 


@ Packaging Options: 
—24-Pin Ceramic 300-mil DIP 
—28-Pad Leadless Ceramic Chip Carrier 


description 


The ‘64C256 is a common 1/O, 262,144-bit 
static random-access memory organized as 
65,536 words by 4 bits. This memory is 
fabricated using complementary MOS 
technology utilizing a full CMOS (six-transistor 
cell) memory array. The six-transistor. cell 
provides for inherently lower soft error rates, 
improved stability over the operating 
temperature range, and very low standby power 
compared to the four-transistor/two-poly load 
cell, making it ideal for military applications. 


SM64C0256, SMJ64C256 
65,536-WORD BY 4-BIT STATIC RAMS 


JANUARY 1988 


JD PACKAGE 
(TOP VIEW) 


PIN NOMENCLATURE 


AO-A15 Address Inputs 
DQ1-DQ4 _ Data In/Data Out 

E Chip Enable/Power Down 
GND Ground 

Vcc 5-V Supply 

WwW Write Enable 


The ‘64C256’s static design and control signals (E and W) remove the need for refresh circuitry and simplify 
timing requirements. The chip-enable pin provides for simplified memory expansion/design and for automatic 
powerdown. Access time from either address or chip enable is a maximum of 35, 45, or 55 ns. 


PRODUCT PREVIEW documents contain information ° 
on products in the formative or design phase of TE 1] 
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32,768 x 8 Organization 


Common 1/O 


Military Temperature Range ... — 55°C to 
125°C (M Suffix) 


@ Fast Static Operation 


Maximum Access Time from Address or 
Chip Enable 

‘68CE256-35...35 ns 

‘68CE256-45 ... 45 ns 
‘68CE256-55... 55 ns 


@ Single 5-V Supply (10% Tolerance) 


Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


@® TTL Compatible Inputs and Outputs 


@ Low Power Dissipation (Vcc = 5.5 V) 
— Active .. .660 mW MAX 
— Standby .. . 27.5 mW MAX (TTL Inputs) 
— Standby... 1.1 mW MAX (CMOS 
Inputs) 


@ Standard and Class B Processing 
— SM Prefix . . . Standard Processing 
— SMJ Prefix . . . Class B 


@ Output Enable for Simplified Bus Control 


@ Chip Enable Pin for Memory Expansion and 
Standby Operation 


@® Packaging Options: 
— 28-Pin Ceramic 400-mil DIP 
— 28-Pin Ceramic 600-mil DIP 
— 32-Pad Leadliess Ceramic Chip Carrier 


description 


The ‘68CE256 is a common 1/0, 262,144-bit 
static random-access memory organized as 
32,768 words by 8 bits. This memory is 
fabricated using complementary MOS 
technology utilizing a full CMOS (six transistor 
cell) memory array. The six transistor cell 
provides for inherently lower soft error rates, 


PIN NOMENCLATURE 


SM68CE256, SMJ68CE256 
32,768-WORD BY 8-BIT STATIC RAMS 


JULY 1987—REVISED NOVEMBER 1987 


JD PACKAGE 
(TOP VIEW) 


FG PACKAGE 
(TOP VIEW) 


AO-A14 Address Inputs 
DQ1-DQ8 _ Data In/Data Out 


E Chip Enable/Power Down 
GND Ground 

Vcc 5-V Supply 

WwW Write Enable 


G Output Enable 


improved stability over the operating temperature range, and very low standby power compared to the 
four-transistor/two-poly load cell, making it ideal for military applications. 


The ‘68CE256’s static design and control signals (E, G, and W) remove the need for refresh circuitry and 
simplify timing requirements. The chip-enable pin provides for simplified memory expansion/design and 
for automatic powerdown. Access time from either address or chip enable is a maximum of 35, 45, or 
55 ns. The output enable-pin minimizes bus contention problems. 
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reserves the right to change or discontinue these IN STRUMENTS 

products without notice. POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


Military Products - PRODUCT PREVIEW 


8-241 


Te een 
aie 


SM69CE288, SMJ69CE288 
32,768-WORD BY 9-BIT STATIC RAMS | 


JULY 1987—REVISED FEBRUARY 1988 


® 32,768 x 9 Organization JD PACKAGE 
Caommantio (TOP VIEW) 
Military Temperature Range... —55°C to 
125°C (M Suffix) 


Fast Static Operation 


Maximum Access Time from Address or 
Chip Enable 

‘69CE288-35 ... 35 ns 

*69CE288-45 ... 45 ns 
"69CE288-55...55 ns 


@ Single 5-V Supply (10% Tolerance) 


®@ Complementary Silicon Gate MOS 
Technology with a 6-Transistor Memory Cell 


@ TTL Compatible Inputs and Outputs 


@ Low Power Dissipation (Vcc = 5.5 V) 
— Active... 660 mW MAX 


— Standby . . . 27.5 mW MAX (TTL Inputs) FG PACKAGE 
— Standby . . . 1.1 mW MAX (CMOS Inputs) | a alti 
Nv O 2) 
@ Standard and Class B Processing ttc x 
— SM Prefix . . . Standard Processing e ——hookae 
— SMJ Prefix . . . Class B alls 59 [1 A8 
@ Output Enable for Simplified Bus Control A5U6 28 || AQ 
; aes : A4ij7 27|jA11 
@ Chip Enable Pin for Memory Expansion and a3ils oe fl NC 
Standby Operation aalis 6G 
@ Packaging Options: A1{j 10 24 l] A10 
— 32-Pin Ceramic 400-mil DIP AO} 11 23 E 
— 32-Pad Leadless Ceramic Chip Carrier NCHJ 12 22 |} CA9 
DQO1j 13 214) DQ8 


description yg 


The ‘69CE288 is a common 1/0, 294,912-bit 902660 
static random-access memory organized as 
32,768 words by 9 bits. This memory is 
fabricated using complementary MOS 


| 
Military Products = PRODUCT PREVIEW 


at 4 utilizing a pas CMOS EN eg A0-A14 Address Inputs 

ce BS memory array. e six-transistor ce DQ1-DQ9 Data In/Data Out 
provides for inherently lower soft error rates, E Chip Enable/Power Down 
improved stability over the operating Ground 

temperature range, and very low standby power Vec 5-V Supply 

compared to the four-transistor/two-poly load WwW Write Enable 

cell, making it ideal for military applications. Output Enable 

The ‘69CE288’s static design and control signals No Connection 


(E, G, and W) remove the need for refresh 

circuitry and simplify timing requirements. The chip-enable pin provides for cimplified memory 
expansion/design and for automatic powerdown. Access time from either adress or chip enable is a 
maximum of 35, 45, or 55 ns. The output enable-pin minimizes bus contention problems. 


PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated 
on products in the formative or design phase of 
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JUNE 1986 — REVISED MARCH 1988 


@ Handles All IEEE-488 1975/78 Functions JD PACKAGE 
® Compatible with IEEE-488A 1980 (TOP VIEW) 
Supplement 


@ Maximum Transfer Rate ... Greater Than 
360 Kilobytes/Second 


Talker and Listener Function (T, TE, L, LE) 


Automatic Source and Acceptor 
Handshakes (SH, AH) 


Controller with Pass Control 
System Controller Capabilities 


Device Trigger and Device Clear Capabilities 
(DT, DC) 


@ Optional Automatically Cleared ‘Request 
Service Bit’ 


@ Parallel and Serial Poll Facilities (PP) 


@® Remote/Local Function with Local Lockout 
(RL) 


@ Single or Dual Primary Addressing 


Secondary Address Capabilities 


RQ 
Vcc 
DIO1 
DIO2 
NC 
- Military Products 


FD PACKAGE 
@ Direct Interface to SN75160/161/162 Bus (TOP VIEW) 
Transceivers with No Additional Logic 
oc 
® Compatible with Most Microprocessors > is 
: rea) IS M4 OlI0O Oe 
@ Direct-Memory-Access Facilities als loltiq 2>- 
@ Memory-Mapped Microprocessor Interface 
@ Temperature Range... —55°C to 110°C 
(S Suffix) 
description 


The SMJ9914A provides an interface between 
a Microprocessor System and the General 
Purpose Interface Bus (GPIB) specified in the 
IEEE-488 1975/78 standards and the IEEE-488A 
1980 supplement. The device is controlled and 
configured through 8-bit memory-mapped 
registers and enables all aspects of the standards 
to be implemented, including talker, listener and 
controller. The functional block diagram is shown 


on page 3. 
PRODUCTION DATA documents contain information ; Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to kip 
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The GPIB is designed to allow up to 15 instruments within a localized area to communicate with each 
other over a common bus. Each device has a unique address, read from external switches at power-on, 
to which it responds. Information is transmitted by byte-serial bit-parallel format and may consist of either 
device-dependent data or interface messages, commonly referred to as data or command, respectively. 
A typical application is shown in Figure 1. Auxiliary commands are listed in Table 1. 


Device data may be sent by any one device (the talker) and received by a number of other devices (listeners). 
Instructions, such as select range, select function, or measurement data for processing or printout, may 
be sent in this way. 


The SMJ9914A performs the interface function between the microprocessor and GPIB bus and relieves 
the processor of the task of maintaining the IEEE protocol. By utilizing the interrupt capabilities of the device, 
the bus does not have to be continually polled, and fast responses to changes in the interface configuration 
can be achieved. 


The GPIB input/output pins are connected to the IEEE-488 bus via bus tranceivers. The direction of data 
flow is controlled by the TE and CONT outputs generated on the SMJ9914A. The SN75160, 75161 and 
75162 bus transceivers are designed specifically for use with a GPIB interface. The TE and CONT signals 
are routed within the devices so that the buffers on particular lines are controlled as required by the 
SMJ9914A. Other buffers may be used, but they may require a small amount of external logic, particularly 
around the EOI line buffer. 
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functional block diagram 


REN, IFC, ATN 
EOI, SRQ, DAV, 
NRFD & NDAC DIO1-DIO8 


RSO-RS2 
RESET DBIN 
CLOCK REGISTER CE 
TR IEEE-488 MULTILINE ADDRESS WE 
INT STATE MESSAGE DECODE RECO 
DIAGRAM DECODE 
& ACCGR 
CONTROL 
LOGIC 


LOGIC 
INTERRUPT 
MASK 0 


INTERRUPT IEEE-488 DATA BUS 
STATUS 1 

INTERRUPT AUXILIARY pane, 
MASK 1 COMMAND 


SERIAL POLL 
PARALLEL POLL 


DATA OUT 3 


DATA IN 


DECODE 
AUXILIARY 
COMMAND 


DO-D7 


COMPARE 
LOGIC 


ADDRESS i 


MICROPROCCESSOR DATA BUS 


Military Products 


ADDRESS DATA AND 
SWITCHES PROGRAM 
EN MEMORY 


DATA |iBuFFERS| DATA 
BUS 75160 BUS 


SMJ9914A 
GPIB 


IEEE-488 
GPIB 


DECODE 


FIGURE 1. TYPICAL SMJ9914A APPLICATION 
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pin descriptions 


Access Granted. When received from the direct-memory-access control logic, this enables the 
byte onto the data bus. ACCGR must be high when not participating in DMA transfer. 


Chip Enable. CE allows access of read and write registers. If CE is high, DO-D7 are in high 


impedance unless ACCGR is low. 


WE Write Enable. When active (low), indicates to the SMJ9914A that data is being written to one 
of its registers. 


Data Bus In. An active (high) state indicates to the SMJ9914A that a read is about to be 
carried out by the MPU. 


Register Select Lines. Determine which register is addressed by the MPU during a read 
or write operation. 


17-10 
[1 | Clock Input. 600 KHz to 6 MHz. Need not be synchronous to system clock. 
| tidales the SMIGOIAA at powers, 
ia es BS eS Ground reference voltage. 


TE Talk Enable. Controls the direction of the transfer of the line transceivers. Logically, it is: 
[CACS + TACS + EIO.ATN.(CIDS + CADS) SWRST]. 


REN vod Remote Enable. Sent by system controller to select control either from the front panel or from 
the IEEE bus. 


=> 
© 
: 
m 
m 
i 
om 


NO 
co 


Indicates (low) if a device is controller in charge. It is used to control direction of SRO and 
ATN in pass control systems. Logically, it is (CIDS + CADS). . 

DIO8 through DIO1 are the data input/output lines on the GPIB side. These pins connect to 
the IEEE-488 bus via non-inverting transceivers. 


Trigger. Activated when the GET command is received over the interface or the fget command 
is given by the MPU. 


Seas Supply voltage (5 V nominal). 
T Push-pull output 


+Open-drain output with no internal pullup 
8The hardware RESET pin has the following effect on the SMJ9914A: 

— Serial and Parallel Poll registers cleared 

—All clear/set auxiliary commands cleared except ‘swrst’ 

—‘swrst’ auxiliary command set. This holds the SMJ9914A in known states. 
{Open-drain output with internal pullup 
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Communication between the microprocessor and SMJ9914A is carried out via memory-mapped registers. 
There are 13 registers within the SMJ9914A, 6 of which are read and 7 are write. These registers both 
pass control data to and get status information from the device. These registers are listed in Table 2 and 
shown in Figure 2. 


The three least-significant address lines from the MPU are connected to register select lines RSO, RS1, 
and RS2 and determine the particular register selected. The high-order address lines are decoded by external 
logic to cause the CE input to the SMJ9914A to be pulled low when any one of eight consecutive addresses 
are selected. Thus the internal registers appear to be situated at eight consecutive locations within the 
MPU address space. Reading or writing to these locations transfers information between the SMJ9914A 
and the microprocessor. Note that reading and writing to the same location will not access the same register 
within the SMJ9914A since they are either read-only or write-only registers. For example, a read operation 
with RS2-RSO = 011 gives the current status of the GPIB interface control lines, whereas a write to this 
location loads the auxiliary-command register. 


Each device on the bus interface is given a 5-bit address enabling it to be addressed as a talker or listener. 
This address is set on an external DIP switch (usually at the rear of an instrument) before power-on. 


Typical SMJ9914A configuration utilizes registers 100 or 101 as an address switch register (see Table 
2.). This register may consist of a DIP switch which drives the data lines via 3-state buffers when one 
of these addresses is read. This allows the host MPU to read a device address which is manually set and 
write this address into the address register of the SMJ9914A for device identification on the bus. The 
SMJ9914A responds by causing a My Address (MA) interrupt and entering the required addressed state 
when this address is detected on the GPIB data lines. 


TABLE 1. AUXILIARY COMMANDS TABLE 2. REGISTER ADDRESSES 


c/s ADDRESS | READ 
= 1 REGISTERS REGISTERS 
DESCRIPTION CLEAR; SET | NA 
CODE 


Interrupt Status O | Interrupt Mask O 
Interrupt Status 1 | Interrupt Mask 1 
Release DAC holdoff Address Status (ae. 
Disable all interrupts Bus Status Auxiliary Command 
Send EO! with next byte y Address 
Force group execute t Serial Poll 
trigger Command Pass Thru Parallel Poll 
Go to standby Data In Data Out 
Holdoff on all data 
Holdoff on EO! only 
Listen only 
New byte available false 
Pass through next 
secondary 
Release RFD holdoff 
Release control 
Request parallel poll 
Request control 
Request service bit 2 
Return to local 
Shadow handshake 
Send interface clear 
Send remote enable 
Short T1 settling time 
Take control 
asynchronously 
Take control 
synchronously 
Talk only 
Very short T1 delay 


ie 
1 
0 
1 
0 
1 
0 
1 


TThe SMJ9914A host interface data lines will remain in the high- 
impedance state when these register locations are addressed. An 
Address Switch Register may therefore be included in the address 
space of the device at these locations. 

+This address is not decoded by the SMJ9914A. A write to this 
location will have no effect on the device, as if a write had not 
occurred. 
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reference documentation 


¢ TMS9914A GPIB Controller User’s Guide (SPPUO13) 
¢ TMS9914A General Purpose Interface Bus (GPIB) Controller Data Manual (MPO33A) 


ADDRESS STATUS REGISTER 
ADDRESS BIT ASSIGNMENT 
RS2 RS1RSO|} DO D1 D2 D3 D4 D5 D6 D7 


[O10 [REM] LLOTATN [LPAS[TPAS[LADS{TADS] ua 


DATA-IN REGISTER 


ADDRESS BIT ASSIGNMENT 
RS2 RS1RSO|} DO D1 D2 D3 D4 DS DE D7 


[11 1 [bi08]oI07] D106 Dios] bI04 [pIog|DI02|oI07] GPIB 


REM Remote State TPAS Talker Primary Addressed State 
_ DATA-OUT REGISTER LLO Local Lockout LADS Addressed to listen 
ADDRESS BIT ASSIGNMENT ATN Attention TADS Addressed to talk 
RS2RS1RSO| DO D1 D2 D3 D4 D5 D6 D7 LPAS Listener Primary ulpa_ LSB last address 
A d Stat 
D108 ]DI07] D106 105] D104 [D103] D102 [D107 | GPIB gs 


ADDRESS REGISTER 


ADDRESS BIT ASSIGNMENT 
RS2RS1RSO} DO D1 D2 D3 D4 DS DE D7 


F100 fedpa] dat [ dat [AS] Aa] AS] AZ [AT 


edpa_ Enable dual-primary dat _ Disable talker function 
addressing mode A5-A1 Primary address 


das _ __ Disable listener function 
INTERRUPT MASK/STATUS REGISTER O 
ADDRESS BIT ASSIGNMENT BUS STATUS REGISTER 
RS2RS1RSO} DO D1 D2 D3 D4 D5 DE D7 


ADDRESS BIT ASSIGNMENT 
OP OFF Gotta a) xx BI | BO SPAS} RLC IMAC] INT MASK O RS2RS1RSO| DO D1 D2 D3 D4 D5 D6 D7 
O OO fINTOJINT1} BI | BO SPAS} RLC |MAC] INT STATO 1O 361 1 JATN[DAV|NDAC NRFD| EO! |SRQ| IFC [REN | 
INT1 Interrupt Status Register 1 END _ Last byte in string received 
SERIAL POLL REGISTER 


AUXILIARY-COMMAND REGISTER 


ADDRESS BIT ASSIGNMENT 


RS2 RS1RSO} DO D1 D2 D3 D4 D5 D6 D7 
fo 7 1fs[m[m[“[ele[n]o] 


cs Clear or Set f4-f0 Auxiliary command select 


INTO Interrupt Status Register 0 SPAS Device has been serial polled 


BI Byte In RLC Remote/Local Change 
BO _— Byte Out MAC My Address Change ADDRESS BIT ASSIGNMENT 
RS2RS1RSO|} DO D1 D2 D3 D4 DS D6 D7 
[101 [$8 [evi] s6[S5[ 84] S3] s2 [St] 
INTERRUPT MASK/STATUS REGISTER 1 Di08|D107} D106 |D105| D104 [D103] DIO2|[D107| GPIB 
ADDRESS BIT ASSIGNMENT 
RS2 RS1 RSO!} DO D1 D2 D3 D4 D5 D6 D7 $8,S6-S1 Device Status revi Request Service bit 1 


INT MASK 1 
INT STAT-1 


O O- 1 |GET]ERR| UNC} APTIDCAS|] MA | SRO} IFC 
O O- 1 |GET {|ERR}] UNC} APTIDCAS}| MA | SRO} IFC COMMAND PASS THROUGH REGISTER 


GET Group Execute Trigger DCAS Device Clear Active State ADDRESS BIT ASSIGNMENT 

ERR _ Error SRQ_ Service Request RS2 RS1RSO} DO D1 D2 ‘D3 D4 D5 D6 D7 

UNC Unrecognized Command MA My Address | 11 0 [DIO8|DIO7} DIO6 |DI05} D104 | DI03] DI02 [D107 | GPIB 
APT Address Pass Through IFC Interface Clear 


PARALLEL POLL REGISTER 


ADDRESS BIT ASSIGNMENT 
RS2RS1RSO} DO D1 D2 D3 D4 D5 D6 D7 


| 110 | PPB | PP7| PPG | PP5| PP4 | PP3| PP2 | PPI | 
D108 }D107] DIO6 |D105[ D104 [D103] DIo2|DI01} GPIB 


FIGURE 2. INTERNAL REGISTERS 
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absolute maximum ratings over operating case temperature range (unless otherwise noted) t 


ee ees So ak | ak | a) ae Seane Re Ree APA ett aaceren ig ante gr EN ia Rameau very, abate aeeye bum —~0°3 V.ta. 20 ¥ 
Ad iWipar end outeut yoitage ranges: Scag a ae 2 ae ee wes —-0.3 V to 20 V 
CONTRIOUS GO WEr GIRGINMTION «5 £01.25 COC. abso a ewe eo Oe eae pee 1.0 W 
Operating case temperature range. «005 6 fos Se re ne EAS PT RS ~§5°C to:4:16°C 
Storage temperature range................... eS PS See Oe ee ee oS 55°C to 450°C 


tStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

All voltage values in this data sheet are with respect to VSss: 


recommended operating conditions 


ee caer cece Caen ee eee ee eee eee ee ee 


Vcc Supply voltage 4.75 5. -.5.28 
Vss Supply voltage CRU Rt REDE S SCS) 
ViH High-level input voltage 
VIL Low-level input voltage 


All outputs except REN, IFC, INT SY ee ee 
SS aear ica Gate 


IOH 

REN, IFC only 
lOL Low-level output current 2 
Tc Operating case temperature 


PARAMETER TEST CONDITIONS 


All outputs except 
High-l | ares | = —400 pA 
ara REN, |FC,INT OH e 


VoL Low-level output voltage lol = 2mA CASS eeee TE 


I Input current (any input) Vcc = 5.25 V, Vj = Vss to Vcc 


gees oe ‘ Vec = 5.25 V, Vo = 2.4 V 
- n 
oS ce eet Vcc = 5.25V, Vo = 0.4V 
lcc Vcc supply current Vcc = 5.25 V 


f = 1 MHz, all other 
C; Input capacitance (any in ut)T 
P Z setea fell) pins at O V 


TParameter guaranteed via characterization data. 
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clock and host interface timing requirements over full range of operating conditions 


Address setup time 


DBIN setup time t 


WE setup timet 


pone. | 
pons | 
po ne | 
eee 
ae 
eu nel 
tw(WE) WE low pulse duration Sry 
tsu(DA) Data setup time oa) ee 
th(DA) Data hold time ares | 
th(AD) Address hold time ae Se 
DBIN hold time a 

Ps | 

| ins | 

a 

[Unit 


CE hold time 
ACCGR setup time 
ACCGR hold time 


TParameter guaranteed via characterization data. 


host interface timing characteristics over full range of operating conditions 


PARAMETER 


ta(CE) Access time from CE 
ta(DBIN) Access time from DBIN low 


tsu(AD) Address setup time to CE 
td(DBINL-DZ) DBIN low to data high impedance 


td(CEH-Dz) CE high to data high impedance 


. sjonpold AleviiA 


ta(GR) Access time from ACCGR low 


td(AGRH-Dz) ACCGR high to data high impedance 
td(GRL-RQH) Delay of ACCRO high from ACCGR low 


PARAMETER MEASUREMENT INFORMATION 


2.07 V 2.11 V 
RL = 833 0 Ri = 8502 
TEST TEST 
FROM OUTPUT POINT FROM OUTPUT POINT 
UNDER TEST UNDER TEST 
a = 50 pF es = 50 pF 
(a) ALL OUTPUTS EXCEPT REN AND IFC | (b) IFC AND REN 


NOTE 1: Timing measurements are referenced to or from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 3. TEST LOAD CIRCUITS 
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===== =——— Viy (MIN) 


ip i! gre Eee Nosy ame ye meee 
—— — Vit (MAX) 


(a) INPUT 


———— Vou (MIN) 


08Vv~ 
SS So VoL (MAX) 


(b) OUTPUTS 


FIGURE 4. VOLTAGE REFERENCE LEVELS 


OUTPUT 
CONTROL 


SIGNAL ViH 
(CE, ACCGR, \ } 1.88 V 
OUTPUT ! r 
eae ere — VOH 
| | es - 0.3 V 
Pg HI-Z 


—el  tpHz 


a 
i 
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FIGURE 5. HIGH-IMPEDANCE MEASUREMENTS 
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8- 


clock cycle timing 


| | " 
List —e Sear tee 


SS 


read cycle timing 


fag BIN i td(DBINL-Dz)-fo—> 
i 


WE / | 
fo— tsu(WeE) RE | . | 
l l 
CE | | 


be | 
tsu(AD) > I td(CEH-Dz)f*—>} 


RSO-RS2 VALID ADDRESS 
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write cycle timing 


fo thibel oI 
| 
Rae, | 


| 
i ieuice—o 
es Be os ame 
Jeet tsu(DBIN) | te—el- tniDsin) 
i : 


DBIN : 
be teuaD) je— thi AD) 


RSO-RS2 


tsu(DA) $-——_ fo— thi Da) 


DO-D7 


NOTE 2: th(Ap) and th(pa) are shown measured from the rising edge of WE. This is the correct reference point in this figure, since the 
measurements should be from the rising edge of WE or CE — whichever comes first. 


DMA read operation 


ACCRO \ 
7 le td(GRL-ROH)->} 
APR ASE AER i. SS F AED 
ACCGR 


NOTE 3)=——/ 
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a 


DO-D7 


| 
je—— ta(DBIN) >} le} taincnn-021 


le——— taigny-——> 


NOTE 3: A write-enable pulse may occur in a DMA read operation. A write-enable pulse may therefore be provided for system 
memory and need not be suppressed at the SMJ9914A. 
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DMA write operation 


ama 
I 
| 


WE 
ACCGR | Es 
fe-tsu(DBIN) “>| fa or-thigny ger oe, ee 
DBIN Poti l 


Bel 
f@ ‘su(DA) "he thiva) 1 nigel 


t t | 
‘oui su(DA) gre OC 


DO-D7 VALID DATA 


Ttsuipajand th(DA) are only applicable to the first signal to become inactive, whether it is WE or ACCGR. 


source handshake timing characteristics over full range of operating conditions (see Note 4) 


TEST CONDITIONS | MIN MAX | UNIT 
Delay of DAV tue from end 
tsi _of write operation to 


ee 
pene | 
fone | 
140 
write cycle 
ahs | 
eons =| 


data out register 
Delay of valid GPIB 
ta2 data lines from end of 


tq3 Delay of BO interrupt from DAC true BO interrupt unmasked 300 


tig __Delay of ACCRO DAC true Heese s Re Oh 300 
td5 Delay of DAV false fromDAC tue [SSS 


NOTES: 4. The timing of the source handshake is the same whether ATN is true or false; i.e., whether the device is in TACS, CACS, or SPAS. 
5. A very short bus settling time (T7) occurs on the second and subsequent data byte when ATN is false if the ‘‘vstd1”’ feature 
is set. A slightly longer bus settling time takes place if ‘‘std1'’ is set unless there is a very short bus settling time. In all other 

instances, a normal bus settling time occurs. 
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acceptor handshake timing characteristics over full range of operating conditions 


ace oes So poral a ee 


Delay of BI interrupt BI interrupt unmasked, 
; ATN = false, 
d6 from DAV true putes rate 2(o)t 21d) + 415 
evice in 


DAV true device is in LACS 
from DAV true device in LACS 


Delay of NRFD false from 
ATN = false, 


device is in LACS 


tag end of read operation 


of Data-In register 
ATN = false, 


: device not in CACS, 
Delay of interface ; 
all interface 


td10 message interupt ; 2(o)T 2(o)T + 415 
message interrupts 
from DAV true 


(except UNC) 
UNC interrupt only 5()t 5i¢)t +415 | ns | 


Delay of NDAC false ip bomen gc 
elay Oo 
tq11 . device not in CACS, 7($)T 7(o)t + 415 


icp no DAC holdoff 
Delay of NDAC false 
td12 from end of write 
operation 
ne Delay of NRFD false = true, 
from DAV false device not in CACS 


NOTE 6: The interrupts generated by interface messages are shown in Table 3-15 of the TMS9914A General Purpose Interface Bus (GPIB) Loa 


Military Products 


Controller Data Manual (MPO33A). 


ATN, EOI, and IFC timing characteristics over full range of operating conditions 


PARAMETER TEST CONDITIONS 
tq14 Delay of NDAC true from ATN true Device is not in CACS 
td15 Delay of TE high from EOI true Device is not in CACS 


td16 Delay of valid data from EOI true Device is not in CACS 
td17 Delay of TE low from EOI false Device is not in CACS 
td18 Delay of NRFD true from ATN false Device is in LADS/LACS 
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controller timing characteristics over full range of operating conditions 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 


rete oe ae 


td20 from end of tca 
BO unmasked, 


device is in ANRS 


10(@)T + 220 


auxiliary command 
Delay of BO interrupt 


td21 from end of tca 22(o)T + 415 


auxiliary command 
Delay of ATN true 
tq22 from end of tcs 


10(@)t + 220 


auxiliary command 
Delay of BO interrupt 
tq23 from end of tcs 


BO unmasked, 
device is in ANRS 


18t¢(0) 22(o)T + 415 


auxiliary command po 
Delay of EO! true from 

td ee. 230 
rpp auxiliary command set 
Delay of BO interrupt from r 

tg fs 3 ee BO unmasked 8tc(0) 10(g)T + 415 
auxiliary command cleared 


Delay of EO! false from 
td25 sp 230 
rpp auxiliary command set 
26 
Delay of ATN false from 
tq27 - a Device is not in SDYS or STRS 210 
gts auxiliary command 
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SMJ9914A source and acceptor handshake timing(s) 


WE eh 
— 


, j*—ta2 


DIO8-DIO1 | x 
| 
sal CES ee 
INT | \ 
| 
| 


Le-taa-m4 (SEE NOTE 7) 
fo 
ACCRO iif 4 | \ 
| | 
ite 
ACCGR \ 7 | | 
| 
DAV ' 
| | Nt | / 
| 
NRFD | 
| 
| 
NDAC | 
| 
je-tyg—| (SEE NOTE 8) 
ACCRO | \ / | 
| 


ACCGR \ ‘| 


mn Cy SS -O. 


BOS oo Oe. > 


NOTES: 7. The interrupt line is taken low by a BO interrupt. 
8. The interrupt line is taken low by a BI interrupt. 


is 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


- Military Products 


8-259 


SMJ9914A 
GPIB CONTROLLER 


SMJ9914A acceptor handshake timing ‘‘ATN’’ true 


DIO8-DIO1 x 


mowcon 


NDAC 


DOxHVUVMAOQO?SP 


READ INTERRUPT WRITE dacr TO 
STATUS AUXILIARY 


COMMAND REGISTER 
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NOTE 9: The broken line shows the waveform if there is no DAC holdoff. The solid lines assume there is a DAC holdoff. 
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ERLE ERS TR RP A RRS SL SLT IE Ta 26ST SA AT NE BE SRI ET NE OPI AL ONRS LIE IE ELT LEM IR BOVE IIE EEE EIA TITEL 
SMJ9914A response to ‘ATN’ and ‘EOI’ 


e—>t-ta16 


| 


+r ta19 


| 
IFC (SEE NOTE 11) \ | 


NOTES: 10. This assumes that an RFD holdoff occurs. 
11. IFC causes the SMJ9914A to be unaddressed ae an IFC interrupt occurs. 
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$MJ9914A controller timing 


ATN \ , / 


je—4-tu20, taz2 I ee <4 


L__j L_J ENGST ONSEN 


WRITE READ INT CLEAR WRITE 
tcs or tca STAT O oF rpp gts 


NOTE 12: A BO interrupt occurs as the SMJ9914A enters CACS. 
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Designing and Manufacturing 
Surface Mount Assemblies 


Elizabeth Gunther, Charles Hutchins, and Paul Peterson 


The competitive nature of the semiconductor industry has 
driven vendors to minimize the size of electronic components, 
so that more functions can be achieved in a given volume. 
In addition, improved electrical performance, decreased mass, 
and the potential for lower system cost are all by-products 
of compacted packaging and circuitry which hold interest to 
component manufacturers and users alike. 

Surface Mount Technology (SMT) offers an excellent 
method of reducing component size. A typical memory ar- 
ray can be reduced to 50 percent of its original PWB size 
with single-sided mounting, and 25 to 30 percent with double- 
sided mounting. Logic designs cannot achieve the same 
dramatic reduction, but decreases up to 40 to 60 percent can 
be achieved for single-sided and double-sided assemblies 
respectively. 

The key design and manufacturing process issues must 
be understood in order to fully reap the benefits of Surface 
Mount Technology. This article gives a general overview of 
the key aspects of design, process, and manufacturing of sur- 
face mounted assemblies, and offers surface mount as an op- 
portunity to lower a system’s cost without sacrificing 
reliability. 


Components 

Most surface mount components are at least one-third 
the size of the comparable through-hole mounted device (Fig- 
ure 1). The 68-pin chip carrier is approxmiately one square 
inch, while the 64-pin DIP is approximately three square in- 
ches. The 20-pin chip carrier is slightly larger than 0.1 square 
inch, while the 20-pin DIP is 0.3 square inch. Similarly, other 
IC packages are reduced to approximately one-third the size 
of comparable lead count packages. The passive components 


Figure 1. Component Site Reduction 


occupy approximately one-tenth the board area, and this is 
why they have been used in most small consumer products 
built in the last couple of years. 

There were many references in the recent past to prob- 
lems with component availability, cost, and standardization. 
This area of SMT has probably received more attention than 
any other. Several recent magazine articles now state that 
significantly more components (particularly actives) are now 
available and that cost parity has been achieved on most of 
them. The effort by various industry committees on stan- 
dardization has also been effective. 

Thus, although more needs to be accomplished in these 
areas, a designer can begin a project with confidence that 
there will be no insurmountable barriers in this area. There 
are several consultants and subcontract assembly companies 
to assist in this effort. It is strongly recommended that all 
new designs utilize some form of SMT, particularly when 
space is an important consideration. 


Process 

The process to manufacture a surface mount assembly 
(SMA) is very simple. It consists of four basic steps, as shown 
in Figure 2. First, the solder paste is screened on the PWB. 
Then the component is placed on the board, with due care 
to get it positioned correctly. Typical geometries require 
placement accuracy of less than plus/minus 4 mils. Next the 
solder is reflowed with either a vapor phase or infrared 
system. Finally, the assembly is cleaned and is now ready 
for test. This process, although simple in concept, relies on 
board and component planarity and solderability. These are 
easily achievable with the chip carriers and memory modules 
we will discuss later. 

Texas Instruments has installed a Surface Mount 
Technology Center at its plant in Houston, Texas. At this cen- 
ter, we have a complete and flexible engineering line to assist 
our customers in converting to Surface Mount Technology. 


The engineering line is equipped with a screen print- 
er, pick and place system, vapor phase reflow, and clean-up 
station that will easily handle PWBs up to 9” x 10”. Larger 
boards up to 14” X 16” can be processed with some addi- 
tional care. TI uses this engineering line to produce its pro- 
totype and demo boards. It is also available to any of TI’s 
customers, free of charge, for use in building test or prototype 
boards. 

The effectiveness of the assembly process can be 
characterized by the number of unacceptable solder joints 
formed during the process. Unacceptable joints are defined 
by their electrical and mechanical (strength and reliability) 
characteristics. The major problem is open solder joints, 
followed by bridging and misregistration. 
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1. Applying solder paste evenly and in the 
proper amount is extremely important. 


Solder 
Paste 
Application 


3. Reflow the entire assembly with tight 
temperature control to evenly solder the 
PWB and components together. 


4. The final step is cleaning the assembly. 


2. Components should immediately be plac- 
ed on the PWB after the solder printing 
process. Accuracy is important. 


Soldered 


Figure 2. Basic Process Steps 


Open circuits are detected at electrical test and are the 
first defects detected after soldering. At Texas Instruments, 
10 PPM or less is the desirable defect level. Several factors 
that contribute to open solder joints were identified during 


_ production start-up. Lead tip planarity of the J-leaded plastic 


chip carriers is the most important factor in obtaining ac- 
ceptable process yields. Lead position, lead finish, solder 
paste composition, and PWB solderability affect process yield 
as well. 

Experiments in which lead tip planarity was confined 
to specific limits between 1 to 7 mils indicate that a 2 mil 
planarity requirement produces acceptable results with the 
process currently in use. Little gain in yield was noted at a 
1 mil planarity requirement. 

Another interesting result showed that silver in the proc- 
ess, either as a lead finish or in the solder paste, improves 
yields significantly. One explanation may have to do with the 
dynamics of the solder during the reflow process as they are 
affected by the different surface forces acting in the silver 
and non-silver process. 
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Design 
The design of the PWB, in addition to providing the 
component interconnections, will provide the proper amount 
and correct placement of solder paste for a strong fillet for- 
mation. The wave soldering process, by comparison, provides 


_a semi-infinite amount of solder, whereas the SMT process 


will provide only a predetermined amount. Thus, the com- 
ponent connection pad must be correctly placed and be of 
the proper size. 

Further, consideration must be given for inspection, 
testing, and rework. The density achievable can lead to severe 
problems at these points if understanding and due care are 
not exercised in the design. The project team should include 
members from manufacturing, testing, QA, and purchasing, 
in addition to the design engineers, from the start. The design 
and processing of test boards is strongly recommended to pro- 
vide experience and direction for the major project. 


A very practical set of design guidelines is given in Fig- 
ure 3. These have been used on a number of SMT designs 
and have given good results. With proper manufacturing 
techniques as described later, a high yield can be achieved. 
Component spacings should be approximately equal to the 
height of the tallest component. This allows an angle of 45 
degrees for visual inspection of test probes. 

Figure 4 shows the standard footprint for all Small 
Outline (SO) packages. The larger and more important fillet 
of an SO package is on the inside of the gull-wing lead. The 
solder pad, or land, should therefore be designed to extend 


@ Geometries 
° Trace Width/Space 
¢ IC Lead Solder Pad Size 
e Via Hole Size 
e Via Pad Size 
° Cap/Resistor Pad Size 


¢ Solder Mask 


Round or Square Ends (Opt.) 


— 


+ + 0.070” 
4 0.025" 
0.025” 
0.050” 
IC Lead Pad 


slightly under the body of the package in order to optimize 
this fillet. From Table 1 we can see all packages have 50 mil 
centers with 25 mil spacings between lands. This allows the 
designer enough space to put traces between pads, and also 
reduces the occurrence of solder bridging of adjacent lands. 
Table 1 also summarizes the suggested land lengths and 
placement, depending on the terminal count of the SO. While 
not an absolute solution, these land sizes offer a conservative 
design solution that will meet most vendors’ specifications 
and provide a mechanically and electrically sound solder 
joint. 


8/8 MIL Min., 10/10 MIL Typ. 

25 + 5 MIL x 70 + 10 MIL 

20 MIL DIA 

40 MIL DIA 

W = MAX Dimensions of Component 
L = 20 MIL Beyond Metallization 


10 MIL Inside Metallization 


5 MIL Larger than IC/Component Pad 


0.005 NOM 


me & .005 NOM 


| 
I 


head 
Stes 
pee 
Bag 
Buty 
poet 


SNA as 
0.020 Min—=4 


Passive Component Pad 


Figure 3. PWB Design Guidelines 


es 


: Bs 


por 
| 


—<————— A 


Sean 
UU UUUUL 
UU OUUUU 


Figure 4. Standard SOIC Footprint 
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Table 1. SOIC Footprint Dimensions 


No. of A B eo D E 
Terminals 


4164A PLCC 4164 DIP Units 


Life Test, 125°C Fits* —60% UCL 


85°C/85% RH %/1000 Hours 
Autoclave %/240 Hours 
T/C—65/150 %/1000 Cycles 


T/C 0/125 %/2000 Cycles 


*Derated to 55°C Assuming 0.5EV Activation Energy 


Figure 5. Failure Rate Comparison 
4164A PLCC VS DIP 


Manufacturing 

The SMT manufacturing area must have the following 
basic equipment: 

©@ Solder Paste Printer 

© Component Pick and Place Machine 

® Solder Paste Reflow Machine 

®@ Clean-up System 

@ Inspection/Process Control Aids 

© Electrical Test 

The criteria for choosing the above is determined main- 
ly by the size(s) and quantity of PWBs per month, the gross 
number of components per PWB, and the number of different 
components per PWB. 

The size of the largest PWB is an important criterion 
in the choice of all of the major items. The printer, pick and 
place, reflow, and clean-up must all be able to handle it with 
no difficulty or process nonuniformity. The number and size 
of the various PWBs that may be produced will secondarily 
be considered for ease of set up and changeover in the print- 
er and pick and place. The pick and place machine(s) will 
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probably be the most expensive item in the list above and 
therefore, should get the most attention. 

The gross number of components and PWBs will pro- 
vide data for choosing the pick and place. Component per 
hour placement speed should be checked in actual operation, 
as the interrelationship may affect ultimate speed. The number 
of different components per board will determine how many 
feeders and what types of feeders will be required. This is 
a very key issue, as well as the accuracy of placement. 


Reflow 

The solder reflow is easily achieved with any of the 
commercially available equipment. Subtle differences be- 
tween vapor phase, either batch or in-line, and infrared are 
overshadowed by the choice of solder paste and the 
solderability/planarity issue. A batch vapor phase is extremely 
flexible for different sizes of boards with different compo- 
nent counts. The in-line vapor phase is a good choice for a 
more automated processing line with standard or similar sized 
boards. The infrared has the advantage of being less expen- 
sive to operate, but requires more alteration to set up the time- 
temperature profile for a different size PWB. This would be 
a minimal problem on a manufacturing line building high 
volumes of the same board. 


Clean-up 

The most popular flux for SMT is the mildly activated 
rosin flux (RMA). This was developed in the days of vacuum 
tube assembly when clean-up was next to impossible. It is 
noncorrosive but provides sufficient fluxing action for good 
quality components and PWBs. Thus it is the preferred choice 
for SMAs with small spacings under most passives and 
SOICs, where complete cleaning is difficult. A mild solvent, 
such as Freon TMS, is generally sufficient to achieve a good 
visual cleanup, and there are several systems available that 
provide hot vapor, spray, or ultrasonic de-fluxing. 


Reliability 

With the smaller surface mount packages, there is some 
concern about component reliability. Texas Instruments ad- 
dressed the overall DRAM reliability issue several years ago. 
Through an extensive task force effort, the major problems 
of the life test, humidity performance, and temperature cy- 
cle were identified. The best solutions to these problems re- 
quired several changes in the design and process of the silicon 
chip. In doing so, the reliability of the DRAM chip became 
independent of the package used. Thus, the 64K DRAM in 
the plastic chip carrier package performs equivalently to the 
same chip in a DIP as shown in Figure 5. Similar data is 
available on most semiconductor ICs. 

An additional reliability concern originates in the sur- 
face mount solder reflow process, which submits components 
to higher reflow temperatures more suddenly than the wave- 
soldering methods of DIP components, with oftentimes 
repeated reflow cycles for rework and repair. 

The best method for resolving this issue involves com- 
paring the temperature-time differential of the vapor phase 
or infrared solder reflow process to the standard temperature 


cycling reliability tests to which surface mount components 
are routinely submitted. Figures 6 and 7 show temperature 
profiles of the vapor phase and infrared solder reflow pro- 
cesses. In the vapor phase process, the maximum temperature 
change with time is: 


215°C — 25°C — 190°C 
45 sec 45 sec 


equaling approximately 4°C/sec. The infrared solder reflow 
method submits the ICs to a similar, yet less severe 
temperature over time change of 3°C/second. Comparing 
these temperature profile ramp-ups to that which a surface 
mount component undergoes in a temperature cycling 
reliability test proves that there should be no concern over 
damage to the component during reflow. In the temp cycling 
test, the surface mount components were submitted to 1000 
cycles of sudden cycling from 150°C to —65°C within three 
seconds. This represents a temperature-time differential of: 


150°C—(—65°C) — 215°C 
3 3 sec 


Oy i & 
sec 


with less than 0.5 percent failures. 


30 60 90 120 160 180 210 240 
Time (seconds) 
Figure 6. Typical Temperature Profile 
for In-Line Vapor Phase Reflow 
200 
§ 150 
af 

£100 
50 

30 60 $0 120 150 180 210 240 


Time (seconds) 


Figure 7. Typical IR Reflow System Profile 


Since the surface mounted components were able to 
withstand a 70°C/second temperature change of 1000 cycles, 
they should be able to withstand the less severe conditions 
of a 4°C/second damage during reflow without reliability 
degradation. 

Another concern in the solder reflow processing of sur- 
face mount components is the dwell time in reflow 
temperatures of 215°C or above. The dwell time for a small 
PWB populated with surface mount devices is about 20 
seconds. For a larger board of about 10” x12” up to 50 
seconds is needed for reflow. A generalized component 
degradation curve, relating accumulated time and 
temperature, can be assumed to exist. The shape of the curve 
for this discussion is assumed to be a decaying parabolic for 
simplicity and conservatism. There are two generally known 
points of this curve. The flame retardant mold compound 
(FRMC) of a plastic package starts to break down at 300°C 
in two to three seconds. Also, the molding and curing of a 
surface mount device is performed over several hours at 
175°C. These two points are shown on the generalized curve 
shown in Figure 8, with the “safe” region being the area under 
the curve. Two points that fall within this region are the in- 
dustry standard practice of solder dipping leads of several 
types of ICs, and of the soldering plastic devices on the bot- 
tom with Type III surface mount assembly, each submerges 
the component for three to four seconds in a solder wave. 


FRMC Break Down 
Point 


300 Solder Dipping Leads 


Multiple Reflows Molding and Curing 


Point 


Temperature 
(°C) 
je 
oa 


Oo 20 40 60 


80 100 120 140 160 180 
Time, MIN. 


Figure 8 General Plastic Degradation Curve 


Summary 

Surface mount assembly techniques provide a signifi- 
cant advantage in cost, volume, and reliability over the cur- 
rent “thru-hole” technology. These are well documented, and 
the manufacturing equipment and related products are becom- 
ing readily available to support new production lines. Also, 
as experience grows, improved products and ideas are devel- 
oped from the cooperative efforts of vendors and users in stan- 
dardization organizations and in problem-solving sessions. 
The broad selection of package types and product technologies 
available now are sufficient to begin conversion of existing 
electronic system products for size reduction or feature 
enhancement. Definitely, new products should be designed 
with surface mount technology. 
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2 Memory Timing Controllers 


A 


Introduction 


As processor and memory speeds increase, so do dynamic memory controller 
requirements. Typical processor speeds today range from 8 to 10 MHz. This increase 
in processor speed has created a need for faster memories, as well as faster memory 
timing controllers. The ‘ALS2967, ‘ALS2968, ‘ALS6301, and ‘ALS6302 are Memory 
Timing Controllers that are designed to meet the need of high performance memory 
systems. 


In addition to offering better system performance, a faster memory controller typically 
allows the designer to use slower-rated dynamic random access memories (DRAMs). 
This results in significant cost savings because of the large number of DRAMs required. 
In other words, a faster dynamic memory controller can reduce overall dynamic 
memory costs. 


The ‘ALS2967, ‘ALS2968, ‘ALS6301, and ‘ALS6302 feature address multiplexing, 
memory bank selection, and an address latch for systems which multiplex both data 
and address on the same bus. A row counter is provided for normal refresh operations. 
Column and bank counters are available for systems which use memory scrubbing. 


This Section describes the functional operation of the ‘ALS2967, ‘ALS2968, 
‘ALS6301, and ‘ALS6302 and shows how they can be interfaced to a typical 
processor. For illustration purposes, a simple timing controller generated from 
programmable logic is used to interface both the ‘ALS2967 and the ‘ALS6301 to the 
microprocessor. The ‘ALS2967 is interfaced with an Intel 8086 and the ‘ALS6301 
is interfaced with a Motorola 68000. 


This Section also presents a circuit configuration which interfaces the MC68000 to 
DRAM memory using the THCT4502B dynamic RAM Controller. The memory array 
is organized as 4 banks of 256K memory (TMS4256/4257) providing a 1M byte deep 
system architecture. 


2.2 Memory Timing Controllers Using the SN54/74ALS2967, SN54/74ALS2968 


a os 


Functional Description 


The ‘ALS2967 and ‘ALS2968 are capable of controlling 16K, 64K, and 256K DRAMs. 
The two devices typically operate in a read/write or a refresh mode. During normal 
read/write operations, the row and column addresses are multiplexed to the DRAM, 
and the corresponding RAS and CAS signals are activated to strobe the addresses 
into memory. In the refresh mode, the two counters cycle through the refresh 
addresses. If memory scrubbing is not being implemented, only the row counter is 
used. When memory scrubbing is being performed, both the row and column counters 
are used to perform read-modify-write cycles using an error detection and correction 
circuit such as the ‘ALS632A. In this mode, all RAS outputs will be active (low) while 
only one CAS output is active at a time. 


Two device types are offered to help simplify interfacing with the system dynamic 
timing controller. The ‘ALS2967 offers active-low row address strobe input (RASI) 
and column address strobe input (CASI) signals, while the ‘ALS2968 offers active- 
high RASI and CASI inputs. Figure 2-1 is a functional block diagram of the two devices. 
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Figure 2-1. ‘ALS2967, ‘ALS2968 Functional Block Diagram 
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Table 2-1 describes the four operating modes of the ‘ALS2967 and ‘ALS2968 as 
controlled by inputs MCO and MC1. During normal read/write operations, the row 
and column addresses are multiplexed to the DRAM. When MSEL is high, the column 
address is selected; when MSEL is low, the row address is selected. The corresponding 
RASn and CASn output signals strobe the addresses into the selected memory bank 
or banks. A single ‘ALS2967 or ‘ALS2968 can control as many as four banks of 256K 
memory. Additional banks of memory can be controlled by using additional ‘ALS2967 
or ‘ALS2968 devices and decoding each chip select (CS) input. 


Table 2-1. ‘ALS2967, ‘ALS2968 Mode-Control Function Table 


MODE SELECTED 


Refresh without Scrubbing. Refresh cycles are performed using 
the row counter to generate the addresses. In this mode, all four 
RAS outputs are active while the four CAS outputs remain high. 


Refresh with Scrubbing/Initialize. Refresh cycles are performed 
using both the row and column counters to generate the 
addresses. MSEL selects the row or the column counter. All four 
RAS outputs go low in response to RASI (‘ALS2967) or RASI 
(‘ALS2968), while only one CASn output goes low in response 

to CASI (‘ALS2967) or CASI (‘ALS2968). The bank counter keeps 
track of which CAS output goes active. This mode can also be 
used during system power-up so that the memory can be written 
with a known data pattern. 


Read/Write. This mode is used to perform read/write cycles. Both 
the row and column addresses are multiplexed to the address 
output lines using MSEL. SELO and SEL1 are decoded to 
determine which RASn and CASn outputs will be active. 


Clear Refresh Counters. This mode clears the three refresh 
counters (row, column, and bank) on the inactive transition of 
RASI (‘ALS2967) or RASI (‘ALS2968), putting them at the 
beginning of the refresh sequence. In this mode, all four RAS 
outputs are driven low after the active edge of RASI (‘ALS2967) 
or RASI (‘ALS2968) so that DRAM wake-up cycles can also be 
performed. 


In systems where addresses and data are both multiplexed onto a single bus, the 
‘ALS2967 and ‘ALS2968 use latches (row, column and bank) to hold the address 
information. The 20 input latches are transparent when the latch enable input (LE) 
is high; the input data is latched whenever LE goes low. For systems in which the 
processor has separate address and data buses, LE may be tied high. 


The two 9-bit counters in the ‘ALS2967 and ‘ALS2968 support 128, 256, and 512 
line refresh operations. Transparent, burst, synchronous, or asynchronous refresh 
modes are all possible as determined by the memory timing controller. The refresh 
counters are advanced on the low-to-high transition of RAS] on the ‘ALS2967, and 
on the high-to-low transition of RASI on the ‘ALS2968. This is true in either refresh 
mode. In the clear refresh counter mode, the refresh counters (row, column, and bank) 
can be reset to zero on the low-to-high transition of RASI on the ’ALS2967 or on 
the high-to-low transition of RASI on the ‘ALS2968. 
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2.2.2 Typical Implementation 
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REFRESH 


Figure 2-2 shows a system interface using the ‘ALS2967 between an Intel 8086 and 
four banks of 256K DRAMs. Addresses A18 and A19 are used to select one of the 
four memory banks. Since members of the 8086 processor family multiplex both data 
and addresses onto the same data bus, input latches on the ‘ALS2967 must be used 
to store the row, column, and bank information. The ALE signal from the 8086 can 
be directly connected to the latch enable (LE) input on the ‘ALS2967. 


The RASI, CASI, MSEL and mode control (MCO, MC1) inputs on the ‘ALS2967 must 
be generated by the memory timing controller. The memory timing controller functions | 
as an arbitrator between refresh cycles and 8086 access cycles. It also guarantees 
that timing requirements of the DRAM will be met. 

DYNAMIC 


MEMORY 
CONTROLLER DYNAMIC RAMs 


256K X 16-BIT 
TMS4256 (16) 


‘ALS2967 


TIMING 
CONTROLLER 


256K X 16-BIT 
TMS4256 (16) 


256K X 16-BIT 
TMS4256 (16) 


256K X 16-BIT 


LE 
TMS4256 (16) 


ROW (A8-A0) 
COL (A9-A17) 


Figure 2-2. ‘ALS2967, ‘ALS2968 Timing Controller Interface 


2.2.3 Timing Controller Details 


opma 


Figure 2-3 is a timing diagram for a typical 8086 access cycle. The ‘ALS2967 control 
signals required to execute the access cycle are also shown. Control signals for the 
‘ALS2967 are referenced from the OSC output of the 8284A clock generator. The 
timing controller in this example is generated from a state machine referenced from 
the OSC output of the 8284A. In critical timing situations, it may be necessary to 
tightly control the phase relationship of the system clock to the OSC signal. This can 
be accomplished by using a phase lock loop or similar method to generate the OSC 
signal. 


Ae ecient Farts § teeters Yad wart > (Sees «sweet Pysenewes 
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}¢— Ta(c) —»! 
CAS \ / 
REFREQ = H, RESET = L MC1 = H, RFC = L, RDY = H 


Figure 2-3. 8086 Access Cycle 
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In this example, refresh requests (REFREQ) are generated every 122 clock cycles. 
The timing controller will perform the refresh cycle (RAS only) immediately if the 
processor is not in the middle of an access cycle. If the controller is in the middle 
of an access cycle, the refresh cycle will be delayed until the access cycle is complete. 
If the controller is asked to perform an access cycle during a refresh, the controller 
will place the processor in a wait state (RDY low) until the refresh is complete. 
Figure 2-4 shows the timing diagram for a refresh/access cycle as explained above. 
To implement memory scrubbing, the controller must execute a read/write cycle during 
the refresh cycle and then place the ‘ALS2967 in the memory scrubbing mode (This 
example executes RAS only refresh). 


Figure 2-5 is a flow chart for the timing controller. ABEL™M and CUPL™ software 
was used to generate fuse maps from the present state of the inputs and present 
condition of the state machine. These fuse maps were then used in programming the 
field programmable logic devices. The files used to generate the fuse maps have been 
included for reference at the end of this application note. 


\¢———- REFRESH CYCLE ——-—————_ }@___—_—_ ACCESS CYCLE IF REQUIRED ———————_> 
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Figure 2-4. Refresh/Access Cycle 
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Figure 2-5. ‘ALS2967, ‘ALS2968 Memory Timing Controller Flow Chart 
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2.2.4 Summary 


Figure 2-6 shows the actual circuit implementation of the refresh and memory timing 
controller. The refresh timer signals the controller whenever it is time to execute a 
refresh cycle. As required by memory, every row (256 on the TMS4256 DRAM) must 
be addressed every 4 ms. This implies that one row should be refreshed at least once 
every 15.6 us. With an 8-MHz system clock, the refresh timer should use 
approximately a division factor of 122. This results in a refresh request every 15.3 us. 
The refresh complete input (RFC) is used to signal the refresh timer that the refresh 
has been completed. It is important that the timer not stop so that the 4-ms memory 
requirement is maintained. 


TIMING CONTROLLER 


(3) 
RESET 


TIB82S167B 


REFRESH TIMER 


REFREOQ REFREQ 


M/1O 


TIBPAL16R8 


RD 


WR 


Figure 2-6. Refresh/Memory Timing Controller 


The TIBPAL16R8 circuit shown in Figure 2-6 is used to generate the refresh request 
signal every 122 clock cycles. The refresh request signal (active low) will remain active 
(low) until a refresh complete (RFC) signal is received from the timing controller. During 


a system reset, the refresh request output is set to a high-logic level. When using 


different clock rates or memory sizes, the division circuit in the refresh timer should 
be adjusted accordingly. 


The TIB82S167B field programmable sequencer shown in Figure 2-6 is configured 
as a state machine to execute the flow chart shown in Figure 2-5. In cases with 
different system timings, the CUPL™ file can be modified to fit the processor 
requirements. In addition, a slight modification to the file will allow an ‘ALS2968 to 
be used instead of an ‘ALS2967. 


A preprogrammed sample of the refresh and timing controllers shown in Figure 2-6 
can be obtained by calling PAL/PROM Applications, 214/995-2980. 


The ‘ALS2967 and ‘ALS2968, coupled with programmable logic, offer the system 
designer a solution to high-speed dynamic memory requirements. Programmable logic 
allows the designer to tailor the timing controller to a selected processor and memory. 
In many cases, the generation of a high-speed timing controller from programmable 
logic will allow the designer to use slower DRAMs without affecting system speed. 
This results in lower total system cost because of the large number of memory devices 
used. 


2.2.5 ABEL™ and CUPL™ Files 


2.2.5.1 ABEL™ File 


module RF_TIMER 

title ‘REFRESH TIMER 
R. K. BREUNINGER TEXAS 
RY t-”- DEVICE *P16R8’ ; 


"input declarations 


CLK : pints 
RESET pin 2; 
RFC of: 33 
OE pin 113 


"output declarations 


Q0,Q1,Q2 Pin 12,13,14;3 
Q3,Q4,05,Q6 pin 15,16 ,17+183 
REFREQ_ pin 19; 


"intermediate variables 


CNT_REF = QO & !Q1 & !Q2 & Q3 
SCLR = RESET # CNT_REF; 
count = [Q6,Q5,Q4,Q3,Q2,Q1,Q 
C,H,L = .C.,1,03 
equations 
REFREQ. := RFC # !CNT_REF & 
QO s= (1Q0 ) & JSCLR; 
Ql vz {QI $ QO) -e-1SeL 
Q2 s# -( Q2 $> Qi. & . -Q0) 
Q3 z= ( Q3 $ (Q2& QI & 
Q4 z= ( Q4 $ (Q3 & Q2 & 
Q5 ss ('Q5 $ (Q4 8 Q3 & 
Q6 7= 1(1Q05 & 106 # 1Q4 & 
# !Q0 & !Q6 # !Q2 & 
test_vectors ( 


@CONST cnt = 1; @REPEAT 121 { 


@CONST cnt = 13; @REPEAT 20 { 


end RF_TIMER 


INSTRUMENTS, DALLAS, 08/12/86’ 


"SYSTEM CLOCK (8086) 
" RESETS WHEN HIGH 
"REFRESH COMPLETE 
"MUST BE TIED LOW 


" COUNTER STATES 
" COUNTER STATES 
" REFRESH REQUEST - ACTIVE LOW 


& Q4 & Q5 & Q6; 


0]; 


REFREQ_ # RESET; 


R; 
& !SCLR; 
Q0)) & ISCLR; 
Ql & QO)) & !ISCLR; 
Q2 &8 Ql & QO)) & !ISCLR; 
1Q6 # !Q3 & !Q6 
106 # !Q1 & !Q6 # SCLR); 


[OE,RESET,CLK,RFC] -> [count,REFREQ_}) 
FO. Es oe! et OS H 13 
(Ge 0-4-0. 5-0 ee EA H }3 
@CONST cnt = cnt + 13} 


Oy 02 6 8 a et a L ]3 
PB Oe Ee 58 foo ene. }3 
@CONST cnt = cnt + 13 

[ 0, 0 ene 8 J =? [ 21 5 H 13 
[ 0, 0 , ie , 0 J => [ 22 9 H }3 
[ 0, 0 9 C 9 0 J => [ 23 , H }; 
[-0, 0°54 6-,° 0 pi sot ( Seas, H }3 
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2.2.5.2 CUPL™ Source File 


Partno MTC-S167; 

Name MTC-S167; 

Date 08/13/86; 

Revision 03; 

Designer BREUNINGER; 

Company | TEXAS INSTRUMENTS; 

Assembly None; 

Location DALLAS, TEXAS; 

LOPES LES FREER TEER SSD SE ERO SSSA ELE SS ONE TT rr eee ee 
- DYNAMIC TIMING CONTROLER +) 
4? (FOR ALS2967) i 
JES Ee SAREE SA CRE Te ee ee ee ee ee re ee ee ee 
/* Allowable Target Device Types: T1IB82S167B "7 


[RSE R RED PRATER SAR Oe eS ee Ce ee ee CREP RPS PRES ORU ST SSS 


FP Ages: 8 
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pin 1 = OSC; /* OSCILLATOR (8284A) a 
pin 2 = REFREQ; /* REFRESH REQUEST ok | 
pin 3 = RESET; /* RESET - INITIALIZES WHEN HIGH a 
pin 4 = MIO; /* MEMORY 1/0 a | 
pin 5 = RD; [*. READ ba 
pin 6 = WR; /* WRITE ai A 
pin 7 = ALE; /* ADDRESS LATCH ENABLE | 
pin 16 = GND; /* PIN 16 MUST BE TIED LOW oF 
j** Gopouts  **/ 

pin 9 = MCI 3; /* MODE CONTROL ff 
pin 10 = MSEL; /* MULTIPLEXER SELECT Sf 
pin 11 = CAS; /* COLUMN ADDRESS STROBE ef 
pin 13 = RAS; /* ROW ADDRESS STOBE nf 
pin 14 = RDY; /* READY -/ 
pin 15-2 RFC; /* REFRESH COMPLETE 6 
/** Internal Node Group - State bits declared as nodes et 
node [P4_,P3_,P2_,P1_,P0_]; 

/** Declarations and Intermediate Variable Definitions Oe / 


Field State 


= {P4_, P3. P2 ,Pl_, PO_j ; 


$define STO ’b’00000 
$define ST1 °b’00001 
$define ST2 ’b’00010 
$define ST3 ’b’00011 
$define ST4 ’b’00100 
$define ST5 ’b’00101 
$define ST6 ’b’00110 
$define ST7 ’b’00111 
$define ST8 ’b’01000 
$define ST9 ’b’01001 
$define STIO ’b’01010 
$define ST11 °b’01011 
$define STI12 ’b’01100 


$def ine 
$define 
$define 
$def ine 
$def ine 
$define 
$def ine 
$def ine 
$def ine 
$define 
$define 
$define 
$def ine 
$def ine 
$define 
$def ine 
$def ine 
$def ine 
$def ine 


$T13 
ST14 
ST15 
ST16 
ST17 
ST18 
ST19 
ST20 
ST21 
ST22 
Stz3 
ST24 
$725 
ST26 
St27 
ST28 
ST29 
ST30 
ST31 


’b’01101 
“b’01110 
‘Dp Otis 
“b’ 10000 
*b’ 10001 
*b’ 10010 
*b’ 10011 
“b’ 10100 
*b’ 10101 
*b’10110 
ope ee 
*b’ 11000 
’b’ 11001 
*b’ 11010 
*b’ 11011 
*b’11100 
’b’ 11101 
*b’11110 
‘bo’ 11111 


/** Logic Equations **/ 
Sequence State 


{Present STO IF RESET 


/**—-REFRESH 


Present 


Present 


Present 


Present 


Present 


Present 


Present 


Present 


Present 


Sul 
Ste 
ST3 
ST4 
ST5 
ST6 
ST7 
ST8 


ute 


DEF AULT 


CIGLE vag 


IF 


ALE & 
!RESET 
ALE & 
!RESET 
ALE & 
YRESET 
ALE & 
PRESET 
ALE & 
{RESET 
ALE & 
!RESET 
ALE & 
PRESET 
ALE & 
RESET 
RDY & 
IRDY & 


MIO&!RESET 
MIO&!RESET 
MIO&!RESET 
M10O&!RESET 
MIO&!RESET 
MIO&!RESET 
MIO&!RESET 
MI1O&!RESET 


{RESET 
!RESET 


NEXT STO OUT [MCI_, RDY,!RFC, RAS,!MSEL, CAS]; 
IF {RESET & !REFREQ NEXT ST1; 
IF {RESET & REFREQ & ALE & MIO NEXT ST21; 
NEXT STO; 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


NEXT 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


ST2 OUT 
ST2 OUT 
ST3 OUT 
ST3 OUT 
ST4 OUT 
ST4; 

ST5 OUT 
ST5; 

ST6 OUT 
ST6; 

ST7 OUT 
Str OUT 
ST8 OUT 
ST8 OUT 
ST9 OUT 
ST9; 

STO OUT 


(!MC1_,!RDY); 
(1MC1 J; 

[!RDY, RFC,!RAS]; 
[ RFC,!RAS]; 
{!RDY]; 


{!RDY]; 
[!RDY]; © 
[IRDY,!RFC); 
[!RFC]; 
{!RDY, RAS]; 
[ RAS]; 
[!RDY]; 


{ MCi_, RDY,!RFC, RAS,IMSEL, CAS]; 


ST10 OUT [ MCI_]; 
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/** ACCESS IMMEDIATELY AFTER REFRESH WHEN REQUESTED **/ 


Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 


f"* ACCESS A IMiNG- CYCLE: **/ 


Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 


APPEND 
APPEND 
APPEND 
APPEND 
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ST10 
ST11 
ST12 
ST13 
ST14 
ST15 
ST16 
ST17 
ST18 
ST19 
ST20 


ST21 


MCi_.s = RESET; 


LP: 


RESET 
{RESET 
PRESET 
{RESET 
RESET 
!RESET 
YRESET 
PRESET 
PRESET 
{RESET 


RD & WR & !RESET 


{RESET 


{RESET 
RESET 
{RESET 
Y!RESET 
RESET 
RESET 
{RESET 
YRESET 
RESET 


RD & WR & !RESET 


{RESET 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 


ST-113 

ST12 OUT [!RAS]; 

S$T13. OUT [ RDY, MSEL]; 
ST14 OUT [!CAS]; 

S715% 

ST16; 

STt7s 

ST18; 

ST19; 

$T20; 

STO OUT [ MC1_, RDY,!RFC, RAS,!MSEL, CAS]; 
$T20; 


ST22 OUT [!RAS]; 

ST23 OUT [ MSEL]; 

ST24 OUT [!CAS]; 

S$T25; 

$T26; 

Si27; 

ST28; 

ST293 

$T30; 

STO OUT [ MC1_, RDY,!RFC, RAS,!MSEL, CAS]; 


NEXT ST303} 

RDY.s = RESET; APPEND RFC.r = RESET; | 
MSEL.r= RESET; APPEND CAS.s = RESET; 
Pl_.r = RESET; APPEND P2_.r = RESET; 
P4_.r = RESET; 


2.2.5.3 CUPL™ Simulation File 


Partno MTC-S1673 

Name MTC-S1673 

Date 08/13/86; 

Revision 03; 

Designer BREUNINGER; 

Company TEXAS INSTRUMENTS; 

Assembly None; 

Location DALLAS, TEXAS; 

| ge a cles Bee ie Rahal abacus: & alictinloby che hola wha b slacks vhugiigs salle =i liad liek tan | ect Deer ahaha! | Slit l, / 
{* DYNAMIC TIMING CONTROLLER SIMULATION FILE ay 
bog (FOR ALS2967) “ys 
SF ee er ae ee ne Te a Oe tn ee ee oe ee ee ee 
/* Allowable Target Device Types: TIB82S167B se 3 


Ya ch Shel cle ‘ee lh Alli isa Dk i al Seth hak ec Se Saba ba! by agent icine Dadi Vash a Sialtc alll ialiatiadiaa 


ORDER: 

GND ,%3,0SC,%3,RESET,%6,REFREQ,%4,M10,%43,RD,%2,WR,%2,ALE,%5, 
MC1_,%4,MSEL,%3,CAS,%3,RAS,%3,RDY,%3,RFC; 

VECTORS: 


$msQg"REFRESH WITH ACCESS FOLLOWING"; 


Snag®: 2h Sees INPUT ---------------  -------- QUTPUT -------- ms 
$msg" GND OSC RESET REFREQ MIO RD WR ALE MC1 MSEL CAS RAS RDY RFC"; 
$msg" Tat Rae ere Ie Ra Sas i EA Ee io Se ee ee ea te oa eee ee 


/*RESET*/ 0 
f* Story 0 
iPS 0 
J? Stets 6 
f* Sia-7 <2 
Pe ae 8 
fe. Ste sk °c 
f* Ses -2 
Le Serf: 2 
peste Ff 2 
| ete Ub se ae 
JPStiO* / 0 
stort; 0 
pPavier 0 
Pots fs . 9 
FPSrra* 70 
fPSTESSS 0 
F*STI6*/-- 8 
PST PO 
f*STisty.::0 
JPSTISP £0 
FPSTZ0" 7’ 0 
{*3120*/ 0 


CAC Coy. Ca) kao CGE Ce, GIG CoC oel 2s: CaO 9) Ce C09 E> 
oooocoooocooooeceoc”oocococooo°o-}- 
x KK KKK KK KK KO KX 
mM KK KKK KKK OOO KX 
— OK mK mK OK KO KKK KKK OK KKK 
— OK KK WK MK KK OK KK OK OK KOK OK OK OK OK 
MK KKK KKK KK OOO K X 
5 sper gps est Se IPRS age tala apo hae Seo co eas al ae, Dee! (am RR pee ee eo Geli mee 
Or gaat ae ake eka ake Sade ce as SRO OM 8 | ee Oe Rt ene Met der ine 
i lily Tose Se agin) Saal Ay eer Deel peat item cis a ihoe mie am oho wiles ee alien elas ngs wipe ila 
> Sal oink ial Sonic) Fal ire Aad (ier Di al Be Boe ee mies eK oa meet pee pee pane GN elem 
rs os SS Sin es coigin aas > eas Oa poe oo pal ee Cane ak Gea ogy ge: Sas ae ics a 


Ce ee Or oat TE Nee Ua ch cc ee bs Seas, Sade ES Be oe 
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$msg" me 
$msg"REFRESH WITHOUT ACCESS FOLLOWING"; 


$msg?) Seen +- = INPUT -<-<--e9------- 0 ee OUTPUT ----==+++= as 
$msg" GND OSC RESET REFREQ MIO RD WR ALE MCI MSEL CAS RAS RDY RFC"; 
JPRESET*/ 0 C ] X ere H L i a. ee 
{*-6r0ry/ "2 fs 0 0 ae Same Soa H ees H H 

fe ae he [2 0 X OF KR AX ~.0 L L Ho BS RRS 
Pr Stee Be 0 X 02> As HG L Ee | ieee & Hoi 
FP Ss theo C 0 X ) eat ee ee L L eae ia 
iter ah dian: BARE & 0 x Oo: Men oe L ae: ae © Ae a 

| ig ak MS | BA 0 X oe ae? L ARES , PRG hea Soe Be 
f*: SIGt7 £20 C 0 X O°: *K-Ki-® L L ae een 
PP Sites. aa Ok 0 X O°'“K 7x 0 L eis eee ony ae & 
J/* SIGt7- 38 C 0 X Sais Seip aa | L L H H H 2 
f* SIS Gee SL 0 X he ee Re ® H Ridges. SBioe , Ans: cae 
$msg" ". 

$msg"ACCESS TIMING CYCLE "; 

$msg” meme rer esse INPUT ears Seam ries eee wie ii eae oe OUTPUT, =--+---- my 
$msg” GND OSC RESET REFREQ MIO RD WR ALE MC1 MSEL CAS RAS RDY RFC"; 
/*RESET*/ 0 C | X ) bee ee Bae H « H seis « Soaas 
TP StOl FB: 328 0 l | ase . ae H fe a Pee 
S25 =e C 0 X Keb AR es H L eee = Ro ek 
Feb Pg nm Ae C 0 X AOS se ESI H Bor Asst & fi? 2 
PSst2s* Yeu 0 X A ite H 3 eae i L H L 
/*St24*/-. OG 0 X cay, Sram, Bae | H eae | L ; een © 
Pater r ne ce 0 X A IR H eed L ee 

I *S326" 73-9 C 0 X Rot Re RAR H 3 Mee L HSL 
psec oC 0 X K Re XOX H spies Ocoee © Peey ae RE 
/PSk26"F 2 CC 0 X MCI. Fe H ae © L ; ieee 
f*STES FT O5--C 0 X KAA ens H Mes Lig bik aa 0 
Vag Sikes Bote Bie & 0 X pee | S| ee H Memes © a ged , bona © 
[*S83508 2% 035-C 0 X X Rael ae H C2 Wel aa ret 


2.3 Memory Timing Controllers Using the SN54/74ALS6301, SN54/74ALS6302 


2.3.1 Functional Description 
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The ‘ALS6301 and ‘ALS6302 are capable of controlling any DRAM up to 1M. The 
two devices typically operate in a read/write or a refresh mode. During normal 
read/write operations, the row and column addresses are multiplexed to the DRAM, 
and the corresponding RAS and CAS signals are activated to strobe the addresses 
into memory. In the refresh mode, the two counters cycle through the refresh 
addresses. If memory scrubbing is not being implemented, only the row counter is 
used. When memory scrubbing is being performed, both the row and column counters 
are used to perform read-modify-write cycles using an error detection and correction 
circuit such as the ‘ALS632A. In this mode, all RAS outputs will be active (low) while 
only one CAS output is active at a time. 


Two device types are offered to help simplify interfacing with the system dynamic 
timing controller. The ‘ALS6301 offers active-low row address strobe input (RASI) 
and column address strobe input (CASI) signals, while the ‘ALS6302 offers active- 
high RASI and CASI inputs. Figure 2-7 is a functional block diagram of the two devices. 


‘ALS6302 ONLY 
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(13/23,4)7 7 


Figure 2-7. ‘ALS6301, ‘ALS6302 Functional Block Diagram 
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Table 2-2 describes the four operating modes of the ‘ALS6301 and ‘ALS6302 as 
controlled by inputs MCO and MC1. During normal read/write operations, the row 
and column addresses are multiplexed to the DRAM. When MSEL is high, the column 
address is selected; when MSEL is low, the row address is selected. The corresponding 
RASn and CASn output signals strobe the addresses into the selected memory bank 
or banks. A single ‘ALS6301 or ‘ALS6302 can control as many as four banks of 1M 
memory. Additional banks of memory can be controlled by using additional ‘ALS6301 
or ‘ALS6302 devices and decoding each chip select (CS) input. 


Table 2-2. ‘ALS6301, ‘ALS6302 Mode-Control Function Table 


SIGNAL 
MODE SELECTED 


ok L Refresh without Scrubbing. Refresh cycles are performed using 
the row counter to generate the addresses. In this mode, all four 
In systems where addresses and data are both multiplexed onto a single bus, the 
‘ALS6301 and ‘ALS6302 use latches (row, column and bank) to hold the address 
information. The 22 input latches are transparent when the latch enable input (LE) 


is high; the input data is latched whenever LE goes low. For systems in which the 
processor has separate address and data buses, LE may be tied high. 


The two 10-bit counters in the ‘ALS6301 and ‘ALS6302 support 128, 256, and 512 
line refresh operations. Transparent, burst, synchronous, or asynchronous refresh 
modes are all possible as determined by the memory timing controller. The refresh 
counters are advanced on the low-to-high transition of RASI on the ‘ALS6301, and 
on the high-to-low transition of RASI on the ‘ALS6302. This is true in either refresh 
mode. In the clear refresh counter mode, the refresh counters (row, column, and bank) 
can be reset to zero on the low-to-high transition of RASI on the ‘ALS6301 or on 
the high-to-low transition of RASI on the ‘ALS6302. 


RAS outputs are active while the four CAS outputs remain high. 


Refresh with Scrubbing/Initialize. Refresh cycles are performed 
using both the row and column counters to generate the 
addresses. MSEL selects the row or the column counter. All four 
RAS outputs go low in response to RASI (‘ALS6301) or RASI 
(‘ALS6302), while only one CASn output goes low in response 

to CASI (‘ALS6301) or CASI (‘ALS6302). The bank counter keeps 
track of which CAS output goes active. This mode can also be 
used during system power-up so that the memory can be written 
with a known data pattern. 


Read/Write. This mode is used to perform read/write cycles. Both 
the row and column addresses are multiplexed to the address 
output lines using MSEL. SELO and SEL1 are decoded to 
determine which RASn and CASn outputs will be active. 


Clear Refresh Counters. This mode clears the three refresh 
counters (row, column, and bank) on the inactive transition of 
RAS! (‘ALS6301) or RASI (‘ALS6302), putting them at the 
beginning of the refresh sequence. In this mode, all four RAS 
outputs are driven low after the active edge of RASI (‘ALS6301) 
or RASI (‘ALS6302) so that DRAM wake-up cycles can also be 
performed. 


2.3.2 Typical Implementation 


REFRESH 
TIMER 


CLOCK 
GENERATOR 


Figure 2-8 shows a system interface using the ‘ALS6301 between a Motorola 
68000L10 and four banks of 1M DRAMs. Addresses A21 and A22 are used to select 
one of the four memory banks. Since members of the 68000 processor family have 
separate address and data busses, the input latches on the ‘ALS63071 are left 
transparent by tying the latch enable (LE) input high. The CASO thru CAS3 outputs 
of the ‘ALS6301 are fed into the byte controller along with processor signals LDS 
and UDS. The byte controller made from programmable logic allows the processor 
to determine whether upper, lower or both bytes are accessed. 


The RASI, CASI, MSEL and mode control (MCO, MC1) inputs on the ‘ALS6301 must 
be generated by the memory timing controller. The memory timing controller functions 
as an arbitrator between refresh cycles and 68000L10 access cycles. It also 
guarantees that timing requirements of the DRAM will be met. 


DYNAMIC 
MEMORY DYNAMIC RAMs 


CONTROLLER BANKO 
1 MEG xX 16-BIT 
‘ALS6301 


TIMING 
CONTROLLER 


SEL1 


ROW (A1-A10) 
COL(A11-A20) 


Figure 2-8. ‘ALS6301, ‘ALS6302 Timing Controller Interface 
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2.3.3 Timing Controller Details 
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READ 


WRITE 


CLK 


R/W 


DATA 


ADX 
R/iW 


DATA 


osc 


Figure 2-9 is a timing diagram for a typical 68000L10 access cycle. The ‘ALS6301 
control signals required to execute the access cycle are also shown. Control signals 
for the ‘ALS6301 are referenced from the OSC output of the 8284A clock generator. 
OSC runs at 2 times the speed of the system clock, that is CLK = 10 MHz and 
OSC = 20 M#z. By running the timing controller at a higher speed than the system 
clock, the system performance is improved. A programmable logic sequencer, the 
TIB82S167B, was programmed for use as the timing controller. 


In this example, refresh requests (REFREQ) are generated every 155 clock cycles. 
The timing controller will perform the refresh cycle (RAS only) immediately if the 
processor is not in the middle of an access cycle. If the controller is in the middle 
of an access cycle, the refresh cycle will be delayed until the access cycle is complete. 
if the controller is asked to perform an access cycle during a refresh, the access cycle 
will begin immediately after the refresh cycle is completed. Address bit A23 indicates 
whether the access requested is a memory access (A23 = L) or an I/O access 
(A23 = H). The timing controller will perform an access cycle only if Address bit A23 
is low. Figure 2-10 is a timing diagram of the refresh/access cycle as explained above. 
To implement memory scrubbing, the controller must execute a read/write cycle during 
the refresh cycle and then place the ‘ALS6301 in the memory scrubbing mode. (This 
example executes a RAS only refresh.) The flowchart in Figure 2-11 outlines the 
required functionality of the timing controller. This flowchart was used along with 
the timing diagrams in Figures 2-9 and 2-10 to design the timing controller. 


so $1 $2 $3 $4 $5 S6 S7 
FO naa a fe oo Nl ae Oe aN enn prea hn J 
| | 
’ \ 
| 


VALID ADRESS 
sea gaa SOROS K— talc)! 
: READ DATA 


»-—— VALID ADDRESS 
| 
| 
VALID WRITE DATA 
| | 
| 
| 


STO STO TsT14 =ST15 *ST16 ST17 ST18 ST19 ST20 STO STATE 


MC1 =H, RFC=L 


TStart sequence when AS =H, CLK =H, REFREQ =H, STATE=0O 
+Return to STO if A23 is high 


Figure 2-9. 68000 Access Cycle 


Le-6 


}e—————__— REFRESH 6YCLe————-__—_-_ pig ACCESS CYCLE IF REQUIRED 
Ww Ww WwW WwW WwW S5 S6 S7 so 
UDS AEE NITES EIGEN OTR ELECTS \ 
ADX ADDRESS VALID ADDRESS VALID ADDRESS VALID ADDRESS VALID 
RW 7 7 7 
DATA . READ DATA 
ADX ADDRESS VALID ADDRESS VALID ADDRESS VALID ADDRESS VALID 
R/W i NGL SLES: RL, OE SO 


DATA VALID WRITE DATA X VALID WRITE DATA X VALID WRITE DATA VALID WRITE DATA 
OTN NON ON OR EN PALA ee ae 


ST7 ST12 STis | sto STO STATE 
osc | 


READ 


WRITE 


REFREQ Sg. SUC ROR SOMA DOT A ADO TE SEE Ga oi aR TLC RE MS ES | ER ERICA! Ne DOES eee Se IN HT WP RETO? 
MCI Be SERGE REET, Taha OR Le SELEY Gk, MeO AME GRD? CUR BIRT SNR) USN SR SOE a a BE A ac Ue 


REQ @ 


RFC 


RAS 


MSEL 


CAS 


DTACK 


tT Start sequence when REFREQ =L, STATE =O 
+ Return to STATE O if REQ=H or A23=H 
8 REQ is internal status register used to store an access request during a refresh cycle. (If AS =H during refresh cycle ST1-ST5) 


Figure 2-10. Refresh/Access Cycle 
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START 


INITIALIZE 
(RESET = L) 


STO 


REQ = H 


AS = H 
CLK = H 
REFREQ = H 


YES 


ACCESS CYCLE 


ST14 THRU 
ST20 
(FIGURE 2-9) 


NOTE: 
IF RESET = L 
THEN 
INITIALIZE 


MC1 = H RAS = H 
DTACK = H MSEL =L 


RFC = L CAS = H 


REFRESH CYCLE 
ST1 THRU ST6 
(FIGURE 2-10) 


NOTE: 
IF AS=H 
THEN 
REQ=L 


IF RESET = L 
THEN 
INITIALIZE 


ST6 
A23 #REQ 
L 


ACCESS CYCLE 
(FIGURE 2-10) 
ST7 THRU ST13 


Figure 2-11. ‘ALS6301, ‘ALS6302 Memory Timing Controller Flow Chart 


2.3.4 Refresh Timer Details 


Figure 2-12 shows the actual circuit implementation of the refresh and memory timing 
controller. The refresh timer signals the controller whenever it is time to execute a 
refresh cycle. As required by memory, every row (512 on the TMS4C1025 DRAM) 
must be addressed every 8 ms. This implies that one row should be refreshed at least 
once every 15.6 ms. With a 10-MHz system clock, the refresh timer should use 
approximately a division factor of 155. This results in a refresh request every 15.3 ms. 
The refresh complete input (RFC) is used to signal the refresh timer that the refresh 
has been completed. It is important that the timer not stop so that the 8 ms memory 
requirement is maintained. 


The TIBPAL22V 10 circuit shown in Figure 2-12 is used to generate the refresh request 
signal every 155 clock cycles. The refresh request signal (active low) will remain active 
(low) until a refresh complete (RFC) signal is received from the timing controller. During 
a system reset, the refresh request output is set to a high logic level. When using 
different clock rates or memory sizes, the division circuit in the refresh timer should 
be adjusted accordingly. 


TIMING CONTROLLER 


RESET 


TIB82S167B 


REFRESH TIMER 


RAS 
REFREO CAS 
MSEL 
TIBPAL22V10 
MC1 
DTACK 


Figure 2-12. Refresh/Memory Timing Controller 
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2.3.5 Programmable Logic Designs 


2.3.6 Summary 
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As mentioned previously, the timing controller, byte controller, and the refresh timer 
used in this example are created using programmable logic. ABEL™TM and CUPLTM 
software packages have been used to reduce equations and generate the fuse maps 
needed to program these devices. The files used to generate the fuse maps have been 
included for reference at the end of this application report. Test vectors are included 
with the device files so software simulation can be performed on the computer. If 
the proper instruction is provided, the software will attach the test vectors to the 
end of the fuse map. This allows programming equipment to run a functional test 
on each device immediately after programming. To help familiarize the reader with 
these software tools, the timing controller design was done in both ABEL™ and 
CUPL™., 


The TIB82S167B field programmable sequencer shown in Figure 2-12 is configured 
as a state machine to execute the flow chart shown in Figure 2-11. As shown in the 
flowchart, the timing controller is initialized by taking the reset input low. From the 
initialization state, state O, the timing controller can perform either an access or a 
refresh cycle depending on the signals AS, CLK, and REFREQ. If an access is requested 
(AS = H) during a refresh cycle, an internal status register, REQ, will flag the request 
and as soon as the refresh cycle is completed, an access cycle will be started. At 
the start of an access cycle, the timing controller checks the state of the A23 address 
bit. lf A23 is high, indicating an I/O access, the timing controller terminates the access 
cycle and returns to state O. 


As seen in Figures 2-9, 2-10, and 2-11, a state, STO-ST30, has been assigned to 
each clock cycle. The appended ABEL™ and CUPL™ files can be easily understood 
by comparing the state equations to the states shown in these figures. Since the only 


difference between the ‘ALS6301 and the ‘ALS6302 is that the RASI and the CASI 


inputs are active-high instead of active-low, a slight modification to the timing 
controller software file will allow an ‘ALS6302 to be used instead of an ‘ALS6301. 
The TIBPAL22V10 refresh timer and the TIBPAL16L8 byte controller designs are 
straight forward and easily achieved as can be seen in the appended files. 


In applications with different systems timings, the ABEL™M and CUPL" files can be 
modified to fit the processor requirements. A preprogrammed sample of the timing. 
controller, refresh timer and byte controller can be obtained by calling LSI/PAL/PROM 
Applications, 214/995-2980. If a basic understanding of programmable logic is 
needed, see the Texas Instruments Field Programmable Logic Applications note. 


The ‘ALS6301 and ‘ALS6302, coupled with programmable logic, offer the system 
designer a solution to high speed dynamic memory requirements. Programmable logic 
allows the designer to tailor the timing controller to a selected processor and memory. 
In many cases, the generation of a high speed timing controller from programmable 
logic will allow the designer to use slower DRAMs without affecting system speed. 
This results in lower total system cost because of the large number of memory devices 
used. 


2.3.7 ABELT™ Files 
module DMC S167 
module DMC_S167 flag ’-KY’,’-R2’ "leave unused OR terms connected 
title “DYNAMIC MEMORY CONTROLLER FOR THE ALS6301 APPLICATION 
Loren Schiele Texas Instruments, August 15, 1986’ 


DMC device ’F82S167’; 


" Input pin assignments 


OSC pin 1; " OSCILLATOR 

REFREQ pin 2; " REFRESH REQUEST 

hee? SS PIR: 3 " RESET - INITIALIZES WHEN LOW 
CLK Pin 4; "OSC DIVIDED BY 2 

AS pin 5; " ADDRESS STROBE 

A23 Pin 6; " MOST SIGNIFICANT ADDRESS BIT 
GND Pin 16; " PIN 16 MUST BE TIED LOW 


" Output pin and node assignments 


MC | Pin 93 MCI_R node 25; " MODE CONTROL 
MSEL Pin 10; MSEL_R node 26; " MULTIPLEXER SELECT 
CAS pin 113; CAS_R node 27; " COLUMN ADDRESS STROBE 


RAS Pin 13; RAS_R node 28; " ROW ADDRESS STROBE 
DTACK pin 14; DTACK_R node 29; " DATA ACKNOWLEDGE 
RFC “pin 153 RFC_R node 30; " REFRESH COMPLETE 


" Internal status and counter nodes 


s Applications Information 


PO node 36; PO_R node 42; " INTERNAL COUNTER REGISTER 
Pl node 35; PI_R node 41; " INTERNAL COUNTER REGISTER 
P2 node 34; P2_R node 40; " INTERNAL COUNTER REGISTER 
P3 node 33; P3_R node 39; " INTERNAL COUNTER REGISTER 
P4 node 32; P4_R node 38; " INTERNAL COUNTER REGISTER 


REQ node 31; REQ R node 37; " REFRESH REQUEST STATUS REGISTER 


" Define Set and Reset inputs to output and status flip-flops 


MC1_ = -(MC1,MCI_R]; 
MSEL_ = [MSEL,MSEL_R]; 
CAS. _— =_[CAS, CAS_R]; 
RAS_ _—_ = _[RAS,RAS_R]; 
DTACK_ = [DTACK,DTACK_R]; 
RFC_ = _[RFC,RFC_R]; 
REQ. = [REQ,REQ_R]; 


" ‘high’ and ’low’ are used to set or reset the output and status 
"registers. Example: MCI_ := high & RESET; will cause pin 9 to 
"go high on the next clock edge if input pin 3 is high. 


high ={ 1, 0); 

low = f 0, 1); 

Count = [(P4,P3,P2,P1,P0]; " STATE REGISTER SET DEFINED 
Cnt = [P4,P3,P2,P1,P0]; " STATE REGISTER SET DEFINED 
Hee Tk. Ko =’ 19.0, Cin eK 
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state diagram Count 


" REFRESH TIMING CYCLE 


State 0: 


State 1: 


State 2: 


State 3: 


State 4: 


State 5: 


case 
!REFREQ 
REFREQ 
REFREQ 
endcase; 


& RESET 
& AS & CLK & RESET 
& (IAS # ICLK) 


low & RESET; 

low & (AS & RESET); 
RESET==1 

high & RESET; 

low & RESET; 

low & (AS & RESET); 
RESET== 

low & (AS & RESET); 
RESET== 

low & RESET; 

low & (AS & RESET); 
RESET== 


high; 
low & (AS & RESET); 
RESET == 1 


" DETERMINE IF ACCESS HAS BEEN REQUESTED 


" ACCESS AFTER REFRESH 


@page 


State 6: 


State 7: 


State 8: 


State 9: 


State 10: 
State ll: 
State 12: 


State 13: 


REQ. := 
ee ee 
case 


endcase; 


HRmo > 
m wm 
| 

uno 


Oo 

ine 
> 

g | 

J oo 
tow 


‘2 
> 
| 


high & A233 
high & RESET; 
REQ # A23 


1A23. & !REQ & RESET 


low & RESET; 
RESET==1 
high & RESET; 
high & RESET; 
RESET== 
low & RESET; 
low & RESET; 
RESET== 
RESET== 


RESET==1 
RESET== 


high; 
low; 
high; 
high; 
RESET==1 


2 Os 


endcase; 
endcase; 
endcase; 
endcase; 


endcase; 


endcase; 
endcase; 
endcase; 
endcase; 


endcase; 


endcase; 


endcase; 


" ACCESS TIMING CYCLE 


State 
State 


State 


State 


State 
State 
State 


equations 


enable MCI 


14: 
15% 


1; 


case 


RAS _ 
case A23 
{A23 
endcase; 


RESET 


low & !A23 & RESET; 


& RES 


high 
low 
RESET 
low 
RESET 
RESET 
RESE 
high; 
low; 
high; 
high; 
RESET 


ET 


& RESET; 
& RESET; 
& RESET; 


2153 endcase; 


:173 endcase; 


18; endcase; 
2:19; endcase; 
20; endcase; 


: 0; endcase; 


“always enabled, pin 19 is preset 


" INITIALIZATION WHEN RESET IS LOW 
{ MC1,RAS,DTACK,REQ,CAS] 
[ PO_R,P1_R,P2_R,P3_R,P4_R,MSEL_R,RFC_R] : 


test_vectors ’° REFRESH WITH ACCESS FOL 


({GND,OSC,RESET,REFREQ,CLK,AS,A23] -> 
B20 Sothys Oe PE oe RES 
ie eo Pea eee Oo Kg he 
{ O° cle; Shh}, Ki ik A A 9 
tO SOT tes 2 aR eee ek 
CO elke nalrrs X » Xe KX, Xj -> 
LoD sOihs. bs 6 OMe ee eee 
Cee tms. cal <5 Meee a Pe dT ee 
Po Ores 8 oe Ree ee Ae ee 
EO. sis iS M9. Mi gEMG Me SO 
EO clk, Pt Ke Ka Ry, MA 
C0: lk set Ook RE Me KS 
ReD seth) - bo ec Ry eRe ae 
Pei eee RX ag eee ee 
PD gts te ee ae Wee Ma ed ee 
ED yGiky 4. Mi Hh 9 Mee RO => 
a eee Be 1 ,0,0, Xj -> 
Pie pet y: Pie 4c oe eer 
( O61k, Hb-., Lope Fe 8, HT > 

test_vectors ° REFRESH WITHOUT ACCESS 

({GND,OSC,RESET,REFREQ,CLK,AS,A23] -> 
(Oo yc, ~0- X » X,X, XJ] => 
[ode wks SL 5 O Ty Md: Ke ME 4=> 
[:0 sclk, -l, Xiscig Kg Os: Re ]se2 
ED atitts: Lie Re a Oe a = 
CO cik 1, Xi» XX, 0, Xj] => 
ge Se. eee Reagan Ps ee wari Pee as Bee 
Eg Ss ka Seer Re Mie Re BSD 
PO dk 6 Ske te 0 Ke 
PO sels ES O56 M20, -% > 
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test_vectors 


»clk, 
eclk, 
sclk, 
clk, 
»clk, 
eC 1K, 
»clk, 
»clK, 


([ 
[ 
[ 
[ 
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[ 
[ 
[ 
i 
[ »clk, 


oOo o0qo0o0o°0o oe © 


test_vectors ’ 


0 


l 
1 
l 
l 
1 
l 
1 
l 


REFRESH WITH ACCESS 


? 


6 <= < ot < . - 2 


ACCESS 


—x<x x xX KK KO 


Pe, aa ae, © 


om KK KKK 


< a of J] < ee <= 7 
< 


x<x— KKK KK OK OX 
Genel asl! Ue Sigel Cie Seed Neri ccall od 


GND ,OSC,RESET,REFREQ,CLK,AS,A23] 


TIMING CYCLE 


({GND,OSC,RESET,REFREQ,CLK,AS,A23] 


»clk, 
»clk, 
»clk, 
»clk, 
»clk, 
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»clk, 
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on Be Bees Oi oes Boe Boe eee oe oe | 
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test_vectors * ACCESS TIMING CYCLE 


({GND,OSC,RESET,REFREQ,CLK,AS,A23] 


(' oO .etk, 
[- 0 4etk, 
[ 0 ,clk, 
(Osc, 
{ 0 -,¢lk, 


0 


l 
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5 


= < . - 


— eK 


7X, X, 
, l, 


» X, 


l 
» X 
9 X b Xy. 
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» O, 


test_vectors ’ RESET DURING ACCESS 


clk, 
scik, 
»clk, 
»clk, 
ecik, 
scik, 
elk, 


([ 
[ 
if 
[ 
f 
[ 
[ 
[ »clk, 


oooo0°o9coco © 


end DMC_S167 
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([MC1,MSEL,CAS,RAS,DTACK,RFC,REQ,Cnt]) 


bois. 80) Sa ab ee ee OF 
Doty ¢ ke oa oN aks tA 
Di et eo a &:. 3 FS 
i ee Hi ak os Os 
Phe bo ay Ae ee eer 8 }; 


TIMING CYCLE ’ 


-> 
ca 
=? 
=> 
=? 
=> 
=? 
=? 
=> 


(MC1,MSEL,CAS,RAS,DTACK,RFC,REQ,Cnt] ) 
bits, ht 6, aE 4 Sek: So 3 
bo gt Sk OE ye rps oh eT 
Ts Pres Saar es « Oey. ES | Bi ey AR see Se 
CH 9 NES tc We e's 6 
Pe bs ose be “Soa Se ae 
itt yes be 2b SE a ot Bs 
{ H Loy ee: Se sags ye at-520 }3 
Delt go, re mk a. O53 


module TIMER154 

module TIMERI54 flag ’ 

title ‘’REFRESH TIMER 
LOREN SCHIELE 
7454 * BEVIGE 


"input declarations 


CLK pin 1; 
RESET pin 23 
RFC otn. 33 


"output declarations 


-r2’ Ee! 


-f’ 


TEXAS INSTRUMENTS, DALLAS, 08/15/86’ 


“P22V10'; 


Q0 ,Q1 ,Q2,Q3 pin. 14,15,16, 173 
Q4,Q5,Q6,Q7 pin-18,19,20,21% 


REFREQ_ pin 22; 


"intermediate variables 


SYSTEM CLOCK 
RESETS WHEN LOW 
REFRESH COMPLETE 


"COUNTER STATES 
COUNTER STATES 
REFRESH REQUEST - ACTIVE LOW 


1Q0 & QI & !Q2 & Q3 & Q4 & !Q5 & !1Q6 & Q7; 


RFC # !CNT_154_ & REFREQ_ # ! RESET; 


QO) & ISCLR; 


Q0 
Ql 
Q2 
Q3 


)) & ISCLR; 

& ate & !SCLR; 

& Qi & QO)) & !SCLR; 

& Q2 & Ql & QO)) & ISCLR; 


CNT. 154 = 

SCLR = JRESET # CNT_154 ; 
count = (Q7,Q6,Q5,Q4,Q3,Q2,Q1,Q0); 
CHE o% = .C.,1,0,.X.3 
equations 

REFREQ_ := 

Qo z= (!Q0 ) & !ISCLR; 

Q1 = (Q!i $ QO) & !ISCLR; 
Q2 = (Q2$ Qia 

Q3 = ( Q3 $ (Q2 & QI & 
Q4 = (.Q4 $ (Q3 & Q2 8&8 
Q5 sz. ( Q5:$ -(Q4° 2-03 & 
Q6 7= ( Q6 $ (Q5 & Q4& 
Q7 = ( Q7 $ (Q6 & Q5 & 


test_vectors 


@CONST cnt = 13 
@REPEAT 154 { 
@CONST cnt = cnt + 13} 


@CONST cnt = 1; 


@REPEAT 20 { 
@CONST cnt = cnt + 13) 


end TIMERL54 


Q4 


& Q3 & Q2& Ql & QO)) & ISCLR; 


(LRESET,CLK,RFC] -> [count,REFREQ_ }) 
ites Oe | os Oe ae. Pes: Poe H }3 


f 
[ 


0 


l 


oS —_— — 


< < <= od 


Ota 


C 


C 


C 


PENS | ook eet ny ein fives 5) SS H 13 


oe.) oes Gt oe Pe. : ree ce eee 2 
, £3 ent. L }3 
Pad ae pte, abe Sieg <1 Sea H +3 
eG rae ee ie H }3 
Ie) D> ae os H iz: 
0 Kh Peeters y H }3 
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DYNAMIC MEMORY CONTROLLER 


Partno DMC-S167; 

Name DMC-S167; 

Date 08/15/86; - 

Revision Ol; 

Designer SCHIELE; 

Company TEXAS INSTRUMENTS; 

Assembly None; 

Location DALLAS, TEXAS; 

[ECRIAAAASE SDH S EERE ES RAAA SERIA SAH EO HEE CURES CESS ORAS SRP R Tees 
iby DYNAMIC MEMORY CONTROLLER */ 
' $3 FOR ALS6301 “/ 


Yagi d oda ak stata lll le sclalbadaahaclon b+ alt cas iadbaltedhc Matic ins Mv) alin schah staleali al alas dt oli ah die ealin bei sips goth 4 


/* Allowable Target Device Types: TIB82S167B ay d 


LP PAES PARES ASE STARE ARS RLS RS SSA EES SSSA PCL PAAE RAREST AROCRAES RES ESS f 


/** Inputs 


pin | 
pin 2 
pin 3 
pin 4 
pin 5 
pin 6 
pin 1 


/** Outputs 


pin 9 
pin 10 
pin 11 
pin 13 
pin 14 
pin 15 


/** Internal Node Group 
node [REQ,P4_,P3_,P2_,P1_,P0 


rns 


aleell 3 


OSCILLATOR 

REFRESH REQUEST 

RESET - INITIALIZES WHEN LOW 
OSC DIVIDED BY 2 

ADDRESS STROBE 

MOST SIGNIFICANT ADDRESS BIT 
PIN 16 MUST BE TIED LOW 


MODE CONTROL 
MULTIPLEXER SELECT 
COLUMN ADDRESS STROBE 
ROW ADDRESS STOBE 
DATA ACKNOWLEDGE 
REFRESH COMPLETE 


State bits declared as nodes 


mae 


/** Declarations and Intermediate Variable Definitions 


Field State 


$define 
$def ine 
$def ine 
$def ine 
$define 
$define 
$def ine 
$def ine 
$def ine 
$def ine 
$def ine 
$define 
$define 
$def ine 
$def ine 
$define 
$define 
$def ine 
$def ine 
$def ine 
$def ine 


= {P4_, P3 Fe. Pi. PO_) > 


*b’ 00000 
*b’00001 
*b’00010 
“b’00011 
*b’00100 
“b’00101 
*b’00110 
“b’O0111 
“b’01000 
*b’01001 
“b’01010 
“b’01011 
“b'01100 
“b’O1101 
*b’01110 
“b’O1111 
*b’ 10000 
*b’ 10001 
*b’ 10010 
“b’ 10011 
*b’ 10100 


/** Logic Equations **/ 


Sequence State 


{Present STO IF RESET & !REFREQ 
if. RESET &- “REFREQ 


/* REFRESH 
Present ST! 


Present ST2 
Present ST3 
Present ST4 


Present ST5 


/** DETERMINE IF ACCESS HAS 
Present ST6 IF A23_ # REQ 


DEF AULT 


NEXT ST13 
& AS & CLK NEXT ST14; 
NEXT STO; 


TIMING CYCLE */ 


AS & RESET 
RESET 
AS & RESET 
RESET 
AS & RESET 
RESET 
AS & RESET 
RESET 
AS & RESET 
RESET 


NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
NEXT 
BEEN 
NEXT 


ST2 
ST2 
ST3 
ST3 
ST4 
ST43 
ST5 
ST5 


OUT 
OUT 
OUT 
OUT 
OUT 


[!MC1_,!REQ]); 
CMC): Fs 

{ RFC, !RAS, !REQ]; 
{ RFC,!RAS]; 
[!REQ]; 


OUT 
OUT 


[IRFC,!REQ); 
[IRFC]; 

ST6 OUT [ RAS, !REQ]; 
ST6 OUT [ RAS); 
REQUESTED **/ 

STO OUT [ MC1_,REQ); 


IF !A23_ & RESET & !REQ NEXT ST7 OUT [ MC1_]; 


/** ACCESS AFTER REFRESH **/ 


ST7 
ST8 
39 


Present 
Present 
Present 
Present 
Present 
Present 
Present 


ST10 
ST11 
ST12 
ST13 


/** ACCESS TIMING CYCLE **/ 


Present 
Present 


Present 
Present 
Present 
Present 
Present 


APPEND MC1_. 
APPEND RAS.s 


ST14 
ST15 


ST16 
ST17 
ST18 
ST19 
$T20 


APPEND DTACK.s 


APPEND P2_.r 


IF RESET NEXT ST8 OUT [!RAS]; 
IF RESET NEXT ST9 OUT [ REQ, MSEL]; 
IF RESET NEXT ST1O OUT [!CAS, !DTACK]; 
IF RESET NEXT ST113 
IF RESET NEXT ST123 
IF RESET NEXT ST133 
NEXT STO OUT [*RAS,!MSEL, CAS, DTACK]; 
IF RESET NEXT ST15; 
IF A23_ NEXT STO; 
IF !A23_ & RESET NEXT ST16 OUT [!RAS); 
IF RESET NEXT STI7 OUT [ MSEL,!DTACK]; 
IF RESET NEXT ST18 OUT [!CAS]; 
IF RESET NEXT ST19; 
IF RESET NEXT ST20; 
NEXT STO OUT [ RAS,!MSEL, CAS, DTACK];} 

s = !RESET; APPEND REQ.s = !RESET; APPEND RFC.r = !RESET; 
= !RESET; APPEND MSEL.r = !RESET; APPEND CAS.s = ! RESET; 
= !RESET; APPEND PO_.r = !RESET; APPEND Pl_.r = !RESET; 
= !RESET; APPEND P3_.r = !RESET; APPEND P4_.r = !RESET; 
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DYNAMIC MEMORY SIMULATION 


Partno DMC-S167; 

Name “ DMC-S167; 

Date 08/15/86; 

Revision 01; 

Designer SCHIELEs 

Company TEXAS INSTRUMENTS; 

Assembly None; 

Location DALLAS, TEXAS; 

F ck tally hoc ictialienle i athe bat iadinn salialellalies af cack rt vc nbhetetieS 23 ghia. 2 3 ot ote eke a albadiealaisictatbaties kin ba bade? 
i DYNAMIC TIMING CONTROLLER i 
i% SIMULATION FILE si 
Y des FOR ALS6301 *f 
sR PRPS ESEERS CARS ES SPEER RERAS Se ee nen Se eee eee eee eee ree tty 
/* Allowable Target Device Types: 11B82S5167B <} 


LESRSSS SASS SS SHE LEE RP HOSS RENE S PRARRAREDSAEG ENERO S ORAS ENE OH EERO OY 


ORDER: GND,%3,0SC,%3,RESET,2%6,REFREQ,%4,CLK,%43,AS,%2,A23_.%6, 
MC1_,%4,MSEL,%3,CAS,%3,RAS,%4,DTACK,44,RFC,44,REQ; 


VECTORS: 

$msg" REFRESH WITH ACCESS FOLLOWING"; 

$msg" " 4 

$msg" ------------ INPUT ------------- | -------- OUTPUT ---------- ACCESS"; 
$msg" GND OSC RESET REFREQ CLK AS A23.—- MCI_~MSEL CAS RAS DTACK RFC REQ"; 


/*RESET*/ 0 
{Sst © 
Pe seirr 2 e 
f*- Ste" 7-24 
| gle} eit Fee" 
/* ST4*/ O 
f* Story (0 
f° SI6°7— 6 
’ alee 3B ak Sis 
f* BIB" f 20 
f* SAS"? 30 
/*STig*7...6 
ASTLE SF 8 
Pst te*7- 2 
FPotis?s <0 
SESTO- 7 FD 
/*St0.*7--0 
(SSG AFD 


MANMNAANANAAAMNAAANANAANAAANA 
ee ee) 
—— ue KKK KK KO 
—-COOx XK «MM KK KK KKK KKK 
Oo- OM KK MK KKK KK KK KK 
x «KR KKK KKK KOK KK KK KX 
pe oie = i= me A le Se im od ale a seek SP 
Soe See ie ee ee ee 
SS re eae eS a Se ee oe 
Se ee eS er oe See 
SNe eT a Se ee 
rae oot tere ae ee ee oe 
oie tb ee Sr ae ee ae ay a ae ae ee ea oe 


$msg" w 5 

$msg" w : 

$msg"REFRESH WITHOUT ACCESS FOLLOWING"; 

$msg" of : ; 

$msg" <------------ INPUT ------------- 9 -------- OUTPUT ---------- ACCESS"; 
$msg" GND OSC RESET REFREQ CLK AS A23 MC! MSEL CAS RAS DTACK RFC REQ "; 
SMSQ "rrr een n nnn "5 
/*RESET*/ 0 C 0 

fF Sie 0 
fRrerer sy 36 
f* Stee f° <0 
f? Sia f_-6 
f*. Sta? 7-9 
f*-S15*/ DO 
Fe tS f= 8 
7* St6*/ 8 


HO OA OVA 

x KKK KK KOK 
<x x «KKK KK OK 
oxXxOCCOOOx x 
xO mM KK KK KK 
= A lh ae Oe a we Si * 
ee Pree eee 
od Sie ie oe Be > po 
Sta e res Sz 
be eo i ofl be am Ale = olf 
pe a se er 
aloe ie ie ibe noe Be i a 
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$msg" w : 
$msg" " . 


$msg"REFRESH WITH ACCESS REQUEST BUT DATA NOT IN DRAM (A23=H)"; 


$msg" = 
Snisgts sors see eese PNP. =s9 se eee 


/*RESET*/ 0 
/*: ST0*7; 0 
FR STe ts. 0 
Posie rt 8 
/*343*/.30 
/* ST4"*/- 0 
[7 Bia" Ff. -0 
JP Ste fF 8 
f* SIG" “2 


$msg" a 

$msg" ss] 4 

$msg"ACCESS TIMING CYCLE "; 

$msg" "5 

eG a. Sess s5Hs-—= gh IES ars ane oa ig 
$msg" GND OSC RESET REFREQ CLK AS A23 


CAG C3020? 669 C3 
ee de oe | 
— x «KK KK KO 
Oo m— KKK KKK 
oooooco-, x x 
<x — KKK OK OK OK 


F*RESET*/ 0 
fate TO 
/*ST14*/ 0 
FPS is O 
/*ST16*/ 0 
FSU 0 
PStie*; 0 
/*ST19*/ 0 
/*ST20*/ 0 
JSG fF. 0 


CHiCy LI CRED C216) CIC) C3 
en ee | 
— x KKK KOK 
OM mK KKK KK 
Oo «M «MK KK KK KK 
<x KKK KOK KX 


$msg" we 
$msg" i) : 


MCI MSEL CAS RAS DTACK RFC REQ 


SS OT NT a Sie coke 


MC1 MSEL CAS RAS DTACK RFC REQ 
$msg" «- - ------------------------------------------------------------------- 


SE) Sick ake eked ake) caoke ok 


anal resige™ Caan wiki ooh fo etl cama call jaa Bm 


fae JE ee Beer 


OUTPUT 


Shes aks ake) aks aks oe oe sade ae 


SSeS ar ee Se 


OUTPUT 


SSS oe 8 Seal oy ok Ses Ja 


$msg"ACCESS TIMING CYCLE BUT DATA NOT IN DRAM (A23=H)"; 


$msg" ak 
SAREE cca ltd eet INPUT ------------- 


(ste 47D 
fPSET4*/ 0 
fASTES*/ 0 
f°STH. Sf" 0 


$msg" ". 

$msg" , ms 

$msg"RESET DURING ACCESS TIMING CYCLE "; 
$msg" we 

$msg" 2 oe ---------- INPUT ------------- 
$msg" © GND OSC RESET REFREQ CLK AS A23 


FPRESET* 70° C 0 x ay Set .§ 
"ae | | ad coeie ° ees l | l Rear 
Suet 2 °C l X Sem aS 
| hie: 5 otal Saal | ome © 1 x Xo KD 
PraTis*/ GC l x ee, arm 
ig 2 daa Oe i ieee l x ES, Se. 
PIStie*y oC 0 x ete Ope | 
[PSHE 8. € 0 X pe. ee | 
P*STG 477-0 € 0 x Mo KR 


MCI MSEL CAS RAS DTACK RFC REQ 


MCi MSEL CAS RAS DTACK RFC REQ 


chy. ake) soko ahead ake. abe i oe 


Alive okra io ere ny 


Sa ne ite ee ke oaks ake Ves 


OUTPUT 


OUTPUT 


Sos eee 


= fh Sy 2) poke ore Gatien igre = 


Ghat aks Jaks. cds) ako aie veks ake’ ale 


escheat ee Gi Se Se Se 


—— ee ee ee ee 


SE Set ut okey ode. Sato 


PO tS ET Se a Re 


Se Toe ta Cee i eo 


 cangh at ey Sa Cried See a Ke 


ACCESS"; 


(re cores 


ACCESS"; 


ps ip epee UE eles caiaes Cli aS re cp Gp 9 
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ACCESS"; 


ACCESS"; 


ps = Sfp egg cole ale a Spe A 
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BYTE CONTROLLER 


Partno BYTE_CON; 

Name BYTE_CON; 

Date 08/15/86; 

Revision 01; 

Designer SCHIELE; 

Company TEXAS INSTRUMENTS; 

Assembly None; 

Location DALLAS, TEXAS; 

fUETHRSPSE SELLA ARENA EAE ERR SES EY ERAT SESS ROTA OS SSS ORR ee ore ye 
/* BYTE CONTROLLER af 
ial FOR ALS6301/MC68000L10 APPLICATION ba 
J RAP EAEEAEA EE RERE SS ERE ENED SER SARA PAR ASSERT CREA ET RT SORAS OR ee 
/* Allowable Target Device Types: TIBPALI6L8 rE 


[MHEESHSRSAT SHARE TE ARES HAASE REARS SHRIEK ERE UA SRAM AVS A ENE S TSO E Te TS. 


fP2 pues RY 


pin ! = CASO; /* CAS BANK SELECT bat 2 
pin 2 = CASI; {* " We a 
pin 3 = CAS2; /* = sh 
pin 4 = CAS3; /* es 
oin. 5.-=.608: /* LOWER DATA STROBE af 
pin. 6. =, UD0S; /* UPPER DATA STROBE ny 


/** Outputs .**/ 


pin 12 = UCASO; /* UPPER BYTE SELECT - BANK 0 ts 
pin 13 = LCASO; /* LOWER BYTE SELECT - BANK 0 i 
pin) 14 = UCASI: - /* UPPER BYTE SELECT - BANK 1 2 4 
pin 15 = LCASI; /* LOWER BYTE SELECT - BANK 1 saat 5 
pin 16 = UCAS2; /* UPPER BYTE SELECT - BANK 2 ee § 
pin 17 = LCAS2; /* LOWER BYTE SELECT - BANK 2 = 
pin 18 = UCAS3; /* UPPER BYTE SELECT - BANK 3 of | 
pin 19 = LCAS3; _ f* LOWER BYTE SELECT - BANK 3 */ 
/* equations wy 
UCASO = CASO # UDS; 
LCASO = CASO # LDS; 
UCAS! = CASI # UDS; 
LCAS! = CASI # LDS; 
UCAS2 = CAS2 # UDS; 
LCAS2 = CAS2 # LDS; 
UCAS3 = CAS3 # UDS; 
LCAS3 = CAS3 # LDS; 


BYTE CONTROLLER SIMULATION 


Partno BYTE_CON; 
Name BYTE_CON; 
Date 08/15/86; 
Revision 01; 

Designer SCHIELE $ 
Company TEXAS INSTRUMENTS; 
Assembly None; 
Location DALLAS, TEXAS; 
ee ee ee ae ee ee ee ee ee ee eT EROS EEE SY 
Ves BYTE CONTROLLER SIMULATION FILE of i 
Ya FOR ALS6301/MC68000L!10 APPLICATION ay 
fo Te ee ee Ee ee ee ee ee eee ee ee ROSS 
/* Allowable Target Device Types: TIBPALI6L8 ah d 


Fr Ree ee Re ee ee ee Se RO ae Oe ee ee ee ee 


ORDER: 
CASO ,%2,CAS1,%42,CAS2,%2,CAS3,%3,L05,42,UDS,%4,LCAS0,%2,UCAS0,%2, 
LCAS1,%42,UCAS1 ,%2,LCAS2,%2,UCAS2,%42,LCAS3,%2,UCAS3; 


VECTORS: 
$msg" ----- INPUT ----- 9 ------- OUTPUT ------- i 
$msg" bs es a SE: ee *% 
$msg" CoC Ce Gist <a SC CS fe 
$msg" art, ae Te, Se © ASA A SAO AR RS RAs 
$msg" ro Bia? «eee ee Sates & EN ae ee es Se a ee 
$msg" Goh 2g eS i oe) ORS SORES Cipeaeey’ dieses Sei Seay: ge 
ig oe eee ee ee ee ere te a eee "s 
Ae (tees 22 ae Me ® yee: Oc ieee « eee ane 
X XxX ae | H MH oh ea A 
Get hi the 0 0 bok oA Roe eo 
SR & See Te de | 0. «8 Lee, PSs GRERSES eee «Slee Rad «es 
week ear ere | 0 0 5 hoee » eae | eae’ 5 arti ieee eee a 
eee) ate Sabie | 0 0 Maoh eae AS 
aes Se Pe 0 | Lee ee AH RS 
be-G Ti -08 _—s OMe, ; Send Gola ; Poke eat see, See 
ge Beet pee 0 1 3 fete, ait «EE | Ee ee Se, Bee | 
bie sh es 5 apes ¢ Seose, » eae Fees mg Beet Seca 
Se fhe ee 1 0 Hee oH -H HEH OH 
mes § Se Ene | rey Hons te oe oh ea 
tif A I -=§ 5 eels Denes a Me, ome Meee Gleam Bee | 
a Get Be ae Noe EE 
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2.4 THCT4502B/MC68000L8 Interface 


2.4.1. Introduction 


16-MHz 
OSCILLATOR 
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This application report presents a circuit configuration which interfaces the 
MC68000L8 to DRAM memory via the THCT4502B dynamic RAM controller. The 
memory array is four banks of 256K-byte memory (TMS4256/4257) that provides 
a 1M byte deep system architecture. 


Figure 2-13 is a schematic diagram of the circuit and Figure 2-14 a timing diagram 
for two consecutive read cycles. Figure 2-15 shows a write access, followed by a 
refresh, followed by a read-access grant. The THCT4502B uses the MC68000L8 
system clock and requires no wait states on normal access cycles. When incorporating 
DRAMs and a DRAM controller into a microprocessor based system, the following 
timing specifications should be satisfied to guarantee a correct match between 
processor and memory. 


ALE-to-Clock Relationship 

DRAM Refresh Time 

DRAM Precharge Time s 
Row Address Setup and Hold Time 

Data Valid to Write Enable Time 

Read Access Time 


‘AS74 
SYS CLK TMS4256 


Figure 2-13. THCT4502B/MC68000L8 Interface Block Diagram 


bg READ pg —________ READ >} 


SO S1 S2 S$3 S4 ss S6 S7 SO Ss1 S2 S3 S4 $5 S6_ S87 
SYS CLK 


F. 
oa 
° 
N 
wo 
i?) 
as 
zA 

+ 

.?) 

= 9 

2) 

v 


:. 
x 
oe es ie 


TAEL-REL—pl ke TAEH-R l¢— TAEL-REL 
RAS TT 
TAEL-CEL-+¢————_—__ > ' 
‘ 


+ 
> 
Az 


| - Applications Informat 


Figure 2-14. THCT4502B/MC68000L8 Read Cycle Timing Diagram 


j}¢—________—___ write —_________p}g_________ REFRESH —_________ bf READ ACCESS GRANT——>| 


so S1 S2 S3 S4 $5 S6 S7 SO $1 S2 Ss3 S4 SW SW SW SW SW SW_S5 S6_ $7 


| | 
| | 
AS ARREARS SUE 
! | i! | | 
| | j | | I | 
RW ‘(5 Se ee Need 11 l | | 
| ! | | | | 
xk A i ! 1 
chr ' It TCH-RRL ! T { 
TAEL-REL-| TAEH-REH->] |e >| je Ce }e— -{  f@-TCH-REL 
RAS i | gape BMRA i 
}¢———————9}- TAEL-CEL TCH-CEL-+¢————_——_>} 
CAS | | 
| | | 
i 1 | 
TAEL-RYL-D} bg —>|  }e-TCH-RYH | 


og RGR DAT Rr amt a a GF He FT ek Sa high deol ROME SBM REED (i ft a ean UR as 


Figure 2-15. THCT4502B/MC68000L8 Write Access, Refresh, and 
Read Access Timing Diagram 
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2.4.2 ALE-to-Clock Relationship 
When using the THCT4502B, the high-to-low transition of ALE should not occur 
between 15 ns before and 15 ns after the falling edge of the clock signal. This condition 
guarantees the proper selection between refresh and access cycles. 


When connecting the Address Strobe (AS) of the MC68000 processor directly to ALE, 
ensure that the following condition is met. 


15 < 0.5T — tCHSL 
15 < 0.5(125) — 60 
1S: < 2,5 


At 8 MHz, this condition cannot be guaranteed. Therefore a circuit is required to shift 
the input phase of the THCT4502B clock signal by 90 degrees. As shown in 
Figure 2-13, this circuit can be built using standard ‘AS74 D-type flip-flops. With the 
THCT4502B CLK shifted by 90 degrees, the new equation becomes: 


15 < 0.5T + 0:25T — tCHSL 
15 < 0.5(125) + 0.25(125) -— 60 
15.<..33.75 


It should be noted that all of the following equations take into account the 90 degree 
phase shift. At lower clock frequencies, such as 6 MHz, the AS signal can be directly 
connected to the THCT4502B and the phase shift circuits are not required. 


2.4.3 DRAM Refresh Time 

The refresh clock frequency is controlled by the strap input pins (TWST, FS1, and 
FSO) on the THCT4502B. Table 2-3 shows the strap configuration for the 
THCT4502B. At 8 MHz, with no wait states, setting TWST low, FS1 high, and FSO 
high yields a refresh rate of 11.375 us/row. The TMS4256/4257 requires that each 
of the 256 rows be refreshed at least once every 4 ms. With a refresh rate of 
11.375 ps/row, the time required to refresh all 256 rows will be 2.9 ms. This easily 
satisfies the 4-ms refresh requirement. 


Table 2-3. Refresh Clock Frequency Input Pin Strap Configuration 


WAIT 
STATES MINIMUM CLOCK 
FOR CLOCK REFRESH CYCLES 
MEMORY REFRESH FREQUENCY | FREQUENCY FOR EACH 
ACCESS RATE (MHz) (kHz) REFRESH 
EXTERNAL REFREQ 
EXTERNAL REFREQ 


STRAP INPUT MODES 


CLK + 61 64-95+ 
CLK + 91 64-888 
CLK + 61 
CLK + 91 
CLK = 106 
CLK + 121 


T This strap configuration resets the Refresh Timer Circuitry. 

t Upper figure in refresh frequency is the frequency that is produced if the minimum clock frequency of the next select state is used. 
8 Refresh frequency if clock frequency is 8 MHz. 

{Refresh frequency if clock frequency is 10 MHz. 
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2.4.4 DRAM Precharge Time 
The precharge time is the time required between access cycles to allow internal nodes 
on the DRAM to charge to their correct reference levels. This is specified on the DRAM 
data sheet as tw(RH) min. As with most DRAMs, there is a choice of performance 
ranges. For the TMS4256/4257, tw(RH) ranges from 100 ns on the — 12 device to 
120 ns on the — 20 device. 


When using the THCT4502B, there are three precharge conditions which can occur 
during normal operation. Each condition must be checked to be sure the precharge . 
condition is met. The following equations check these three conditions. 


1. Access-to-Access cycle 


tw(RH) < tSH — tAEH-REH — tt(REH) + tAEL-REL 
tw(RH) < 150 — 35 — 30 + 35 
tw(RH) < 120 


2. Access-to-Refresh cycle 


tw(RH) < 1.5T + 0.25T + tCH-RRL —- tCLSH — tAEH-REH — tt(REH) 
tw(RH) < 1.5(125) + 0.25(125) +-50-=70->.35..-.30 
tw(RH) h 133.75 


3. Refresh-to-Access cycle 


tw(RH) < T — tCH-RRH .— tt(REH) + tCH-REL 

tw(RH) < 125 — 30 — 30 + 45 

tw(RH) < 110 
When the listed equations are correct, the THCT4502B guarantees the precharge 
condition for either the —12 or —15 TMS4256/4257 DRAMs. 


2.4.5 Row Address Setup and Hold Time 
To meet the row address setup-time requirement, the address must be present at 
the RAO-RA8 and CAO-CA8 inputs to the THCT4502B for at least 10 ns (tay-AEL) 
before ALE goes low. The row address setup time from the MC68000L8 is defined 
by the tavsL specification. At 8 MHz, tays_ is 30 ns minimum. This meets the 
THCT4502B specification. The row address setup time to the DRAM must also be 
satisfied. For the TMS4256/4257, tsy(RA) is specified as O-ns minimum. The following 
equation applies: 
Ons < tavSL + tAEL-REL — tRAV-MAV 


Ons < 30 + 35 —- 42 

Ons < 23 
When the equation is correct, the THCT4502B guarantees the row address setup time 
to the DRAM. The row address hold time required by the TMS4256/4257 is 15 ns. 
This specification is guaranteed by the THCT4502B. From the data sheet, 
tREL-MAX is specified as 20 ns min. 
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2.4.6 Data Valid to Write Enable Setup Time 

Data can be written into DRAM by two different methods. Depending upon rake mode 
of operation, the falling edge of CAS or the the falling edge of W will strobe the data 
into memory. When W goes low prior to CAS going low, data out will remain in the 
high-impedance state for the entire cycle. This permits common input/output 
operation. This type of cycle is referred to as an early write cycle. When W goes low 
after CAS goes low, the type of cycle is referred to as delayed-write or read-modify- 
write cycle. To avoid bus contention, this operation requires a buffer between the 
Q outputs and the microprocessor. 
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The circuit shown in Figure 2-13 generates an early write cycle. Therefore, data valid 
to write enable needs to be referenced to the falling edge of CAS. The TMS4256/4257 
requirement for an early write cycle is tsy(WCL), which is O ns minimum. The following 
equation applies: 


Ons < tCHSL + tAEL-CEL — 0.5T - tCLDO 
Ons < 60 + 115 — 0.5(125) — 70 


Ons < 42.5 


When the equation is correct, the MC68000/THCT4502B combination guarantees 
that data will be valid before CAS goes low. 


2.4.7 Read Access Time from CAS 


When the microprocessor tries to read data from memory, the Read-Access-Time 
guarantees that data is available. When using the THCT4502B, there are two possible 
access situations. The most common is the normal access cycle. Another possible 
access situation is the access-grant cycle. The access-grant cycle occurs when an 
access cycle immediately follows a refresh cycle. 


For the TMS4256/4257, access from CAS is specified as ta(c). When using the 
TMS4256/4257, three speed types are available for selection. The three speed types 
are as follows: 


Speed type —12 ta(CA) 60 ns 
Speed type —15 ta(CA) 75 ns 
Speed type —20 ta(CA) = 100 ns 


The following equations apply to the circuit shown in Figure 2-14. 


1. Normal Access Cycles 
ta(C) < 2.5T — tCHSL — tAEL-CEL — tt(CEL) — tp(OR) — tDICL 
ta(C) < 2.5(125) - 60 — 115 — 20 — 15 — 15 
ta(C) < 87.5 


2. Access Grant Cycles 


ta(C) < 2.5T — 0.25T — tCH-CEL — tt(CEL) — i alee — tDICL 
ta(C) < 2.5({125) — 0.25(125) — 140 —'20 — 15 = 15 
ta(C) < 91.25 
As shown by the equations, the only speed type that does not meet the access time 
requirement is the —20 device. The —12 and —15 devices both meet ta(C). 


2.4.8 Other Considerations 
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The DTACK input on the MC68000L8 informs the microprocessor that data is 
available. Wait states are inserted by holding DTACK high. This process for the access- 
grant cycle is illustrated in Figure 2-15. If an access request occurs during a refresh 
cycle, the THCT4502B completes the refresh cycle, then finishes the access request. 
In this situation, the DTACK signal is held high until data is available. The AS74 flip- 
flop shown in Figure 2-13 is used to time the DTACK signal in relationship to the falling 
edge of S6. 


On normal accesses, the RDY signal is high allowing either UDS, LDS or R/W to force 
DTACK low. During write cycles, R/W will force DTACK low. During read cycles, UDS 
and/or LDS will force DTACK low. During access-grant cycles, the low RDY signal 
holds DTACK high until it is released. 


2.4.9 Summary 


2.5 Programmer and Software Manufacturers Addressest 


This application report provides an example of how to interface the THCT4502B with 
the MC68000L8. The major design criteria has been calculated and checked against 
typical DRAM specifications. When using processor speeds lower than 8 MHz, the 
interface is simplified further because it is not necessary to shift the THCT4502B input 
clock frequencies. Additional design ideas can be obtained from an Applications Brief 
‘“TMS4500B/MC68000 INTERFACE”’, Texas Instruments publication SMCAOO8. 


2.5.1 Programmer Manufacturers Addresses 


ECI Semiconductor 


975 Comstock St. 
Santa Clara, CA 95054 
(408) 727-6562 


DATA I/O 

10525 Willows Rd. NE 
Redmond, WA 98073-9746 
(206) 881-6444 


DIGITAL MEDIA 

11770 Warner Ave. Suite 225 
Fountain Valley, CA 92708 
(714) 751-1373 


Kontron Electronics 

1230 Charleston Rd. 

Mountain View, CA 94039-7230 
(415) 965-7020 


Stag Micro Systems 
528-5 Weddell Drive 
Sunnyvale, CA 94089 
(408) 745-1991 


Storey Systems 

3201 N: Hwy 67, Suite E 
Mesquite, TX 75150 
(214) 270-4135 


Structured Design 
988 Bryant Way 
Sunnyvale, CA 94087 
(408) 988-0725 


Sunrise Electronics 

524 S. Vermont Avenue 
Glendora, CA 91740 
(818) 914-1926 


Valley Data Sciences 
2426 Charleston Rd. 
Mountain View, CA 94043 
(415) 968-2900 


Varix 

1210 Campbell Rd. Suite 100 
Richardson, TX 75081 

(214) 437-0777 

Digelec 

1602 Lawerence Ave. Suite 113 
Ocean, NJ 07712 

(201) 493-2420 
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2.5.2 Software Manufacturer Addresses 
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Assisted Technologies Division (CUPL) 
Personal CAD Systems 

1290 Parkmoor Avenue 

San Jose, CA 95126 

(408) 971-1300 


DATA I/O (ABEL) 

10525 Willows Rd. NE 

Redmond, WA 98073-9746 

(206) 881-6444 = 


tTexas Instruments does not endorse or warrant the suppliers referenced. 


3 Cache Memory Systems 


3.1 


Introduction 


As the typical operating speeds of processors have increased to provide for the ever 
increasing need for computing power, the necessity of developing a memory hierarchy 
(the incorporation of two or more memory technologies in the same system) has 
become apparent. One of these memory technologies is selected on the basis of fast 
access time (with associated high cost per bit) to allow minimum system cycle time. 
The other technologies are chosen with the lowest possible cost per bit relative to 
speed in order to achieve the maximum system memory capacity. In a system with 
a multiple level hierarchy, the speed-to-cost relationship depends upon the frequency 
of access and the total memory requirement at that level. By proper use of this 
hierarchy through coordination of hardware, system software, and in some cases user 
software, the overall memory system will reflect the characteristics that approximate 
the fast access time of the fast memory technology and the low cost per bit of the 
low cost memory technology. Large computer systems have made use of this memory 
optimization technique to maintain very large data bases and high throughput (see 
Figure 3-1). Many smaller processor systems use this technique to allow mass storage 
of data, where a tape or a disk is the low-cost memory and Random Access Memory 
(RAM) is the fast memory technology. 


Because of the increase in processor speeds, memory hierarchy is now extending to 
the RAM memory used in microcomputer systems. Typically, Dynamic RAM (DRAM) 
is used as the bulk or main memory and High-Speed Static RAM (HSS) serves as the 
fast-access memory. This HSS RAM is usually 1K to 8K words deep and serves as 
a fast buffer memory between the processor and the main memory. This small fast 
buffer memory is called ‘‘cache’’ memory because it is the storage location for a 
carefully selected portion of the data from the main memory. The addresses for that 
portion of memory currently in the buffer memory is saved in the cache tag RAM (a 
small memory that is used to store the addresses of the data that has been mapped 


to cache). 
igen ears MEMORY ames ES 
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(MAGNETIC TAPE) 
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BULK STORAGE COST PER BIT 
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ACCESS TIME 


Figure 3-1. Memory Size vs Access Time and Cost Per Bit 
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3.2 Memory Systems with Cache 
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When the processor accesses main memory, the processor address is compared to 
the addresses currently present in the cache tag RAM. When a match occurs, the 
required data is resident in the cache and the access is called a ‘‘hit’’ and is completed 
in the cycle time of the fast memory. When a match does not occur (a ‘‘miss’’), the 
main memory is accessed and the processor must be delayed to allow for the slower 
access cycle of the main memory. Whether a hit has occurred is determined by the 
cache-tag RAM. Figure 3-2 shows the relative placement of the processor, main 
memory, cache, and cache-tag RAM within a system. 


Since there must be comparisons made between the current processor address and 
the addresses in the cache, the cache-tag RAM must have a very fast access time 
to prevent the degradation of processor accesses even when a match occurs. 
Previously, the memory used for the cache-tag RAM was the same as that used for 
the cache, which (because of added delays through comparison logic) meant that 
the full benefits of the cache were not realized. 


The Cache Address Comparators were designed to reduce this cache access 
degradation to a minimum by incorporating the matching logic on-chip. This provides 
match-recognition times that are compatible to the access time of the cache-buffer 
memory. 


DATA BUS 
D 
CACHE BUFFER 
; RAM E MAIN 
A 
ADDRESS BUS 
D a 


CACHE TAG 
RAM 


Figure 3-2. Typical Memory System with Cache 


3.3. Cache Memory Systems Using ‘ACT2151 and ‘ACT2152 


3.3.1 Set-Associative Cache Address Matching 


LOW ORDER 
ADDRESS 


The ‘ACT2151 and ‘ACT2152 implement the set-associative type of cache address 
matching. This algorithm may be more clearly understood by considering main memory 
as an (m) by (n) array of blocks and the cache is an (n) by (k) array (see Figure 3-3). 
Each block is composed of (x) words, and transfers between main memory and cache 
memory always move all (x) words in that block. Corresponding to every block in the 
buffer RAM is a tag address specifying which block of main memory is currently 
resident in the buffer RAM at that location. The set-associative algorithm maps each 
modulo (n) group of (m) blocks into the corresponding (n) row of the cache. The low 
order address lines of the processor covering the sets (n) select a row of the cache 
buffer and the corresponding row in the tag RAM. The data is stored in the cache 
buffer and the high-order address specifying the block (m) is saved in the tag RAM. 
The high-order address then becomes the tag. 


CACHE 


ee 


MAIN MEMORY TAG RAM 


ee eee gee ee ee 


(HIGH ORDER ADDRESS) DATA LABEL 


Number of BUFFER/TAG groups for multiple cache systems 

Blocks moved to cache 

Valid data from main memory 

Areas of cache that have not been loaded from main memory 

Code to indicate non-valid label 

Labels from high order address specifying the block moved from main memory. 


Figure 3-3. Set-Associative Cache Address Matching 


3.3.2 Cycle Time Improvement 


There are several algorithms used to determine which areas of main memory should 
be resident in cache and which should be replaced (first-in, first-out; least recently 
used; or random). Since programs typically have the property of locality (over short 
periods of time most accesses are to a small group of memory addresses), these 
replacement algorithms can make the cache have the majority of processor accesses 
resulting in hits. The hit ratio (number of hits x 100%/number of memory accesses) 
runs 90% and higher in systems with well coordinated memory to cache mapping 
routines. As the block size (x) increases, the replacement mapping algorithm options 
have greater impact on the cache performance. 
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When running at maximum frequency, many microprocessors are operating with 
memory access times of 100 ns or less. After allowing for address buffering, decoding, 
and propagation delays through data buffers, the maximum access time that can be 
tolerated is 60 ns or less before processor throughput is affected. For large memory 
systems, DRAM can be used to achieve a cost effective memory. 


However, these cannot meet a 60-ns access requirement. If the actual system 
throughput for a system with cache and one without cache are compared, the 
advantages of cache become obvious. 


For comparison of the two architectures, assume that a processor is implemented 
in which 30% of the active cycle involve main memory (the other 70% used for 


_instruction decoding and internal operations). Also assume that the processor cycles 


at 125 ns with a required memory access time of 60 ns. If the memory is not ready, 
the cycle time is extended by 125-ns increments till satisfied. This processor using 
120-ns DRAMs would require one delay increment on main memory accesses and 
200-ns DRAMs would require two delay increments. The average cycle time can be 
calculated for each memory speed as follows: 


Average Cycle Time = [(INT) x (CYC)] + [(MEM) x (CYC + DEL)] 
where INT = percent of time doing internal operations 
CYC = processor cycle time 


MEM = percent of time doing memory accesses 
DEL = number of delay increments x 100 ns 


For a processor using 120-ns DRAMs: 


Average Cycle Time = [(70%) x (125 ns)] + [(30%) x (125 + 125)] 
Average Cycle Time = 163 ns 


For a processor using 200-ns DRAMs: 


Average Cycle Time = [(70%) x (125 ns)] + [(30%) x (125 + 250)] 
Average Cycle Time = 200 ns 


For the same system with cache memory assume a 90% hit ratio with 60-ns cache 
and 120-ns DRAM: 


Average Cycle Time = [INT x CYC] + [MEM x [(HIT x CAC) + (MIS x (CYC + 
DEL))]] 


where INT = percent of time doing internal operations 
CYC = processor cycle time 
MEM = percent of time doing memory accesses 
DEL = number of delay increments x 100 ns 
HIT = percent of memory accesses hit cache 
MIS = percent of memory accesses miss cache 
CAC = cache memory access cycle time 


Average Cycle Time = [70% x 125] + [30% x [(90% x 125) + (10% x 
125 + 125))]] 
Average Cycle Time= 129 ns 


This value represents a 20% improvement with 120-ns devices over the non-cache 
implementation with 120-ns devices and 35% using 200-ns devices. This performance 
improvement can be further demonstrated for those systems using custom or bit- 
slice processors where the memory cycle time as well as access time is of concern. 
For this example, consider a processor with a cycle time of 50 ns and main memory 
cycle time of 100 ns (use the same access ratios as in the previous example): 


Average Cycle Time = [(70%) x (50)] + [(30%) x (100)] = 65 ns 
(Without Cache) 


Average Cycle Time = [70% x 50] + [30% x [(90% x 50) + (10% x 100)] 
(With Cache) = 52 ns 


This represents a 20% decrease in average cycle time for the processor using 50-ns 
cache memory. If the main memory was rated at a cycle time of 200 ns, either using 
slow main memory or due to allocation of alternate cycles for some other activity 
(multiprocessors, direct memory access, display refresh, etc.), the cache would still 
give an average cycle time of 55 ns. This is an improvement of 63% over the 95 ns 
average cycle time for a non-cache system. 


3.3.3 Cache Memory Configurations 

Figures 3-4, 3-5, and 3-6 illustrate applications for the ‘ACT2151 and the ‘ACT2152 
in cache memory systems. Figure 3-4 shows a cache-memory configuration that has 
a 512M-byte main memory with a block size of 4 32-bit words. In this particular 
application, a cache containing 1024 four-word blocks was chosen thus defining the 
main (n) x (m) array as being 1024 sets of 32,728 four word blocks. The 128M- 
word memory requires an address bus of 27 lines. The least significant bits (A2-A3) 
are used as a word select for one of the four words in each block. The next least 
significant address lines (A4-A13) are used as the set select inputs to the cache buffer 
RAM and the cache tag RAM. The remaining high order address lines (A14-A28) form 
the label or tag which is stored and compared by the tag RAM. 


DQ1-DQ32 


PROCESSOR RAM MEMORY 
512M BYTES 


AO-A11 


3 
D4-D10 
‘ACT2151 


TIBPAL16R8 


CONTROL 


(RESET, W, PE. 


Figure 3-4. Cache Memory Configuration (Block Size = 4) 
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Since the label in this example is composed of 15 address lines, two ‘ACT2151 devices 
are used to expand the tag. The 15 address lines are the data inputs to the tag RAM. 
The other data inputs are tied to 5 V so that, after Reset, invalid data cannot force 
a match. The match output of the two ’ACT2151 devices are combined to form the 
enable for the cache data buffer. If the contents of either 'ACT2151 do not contain 
a match, the cache is not enabled. These signals are also used by the control circuits 
to inform the system that the address is not present in the cache so that main memory 
might be accessed. The control circuit also resets the cache upon power-up. This 
is accomplished by taking the RESET input of the ‘ACT2151 low. After reset, no 
matches will occur at any locations until that location has been written. 


In the application shown in Figure 3-5, the expansion of the cache RAM is carried 
out in both depth (more sets) and width (wider tag). The block size was chosen as 
one such that the 4K cache now represents 4096 blocks of one word each. The high- 
order addresses are still used as the label to the tag RAM. A13 is used to select 
between two ‘ACT2152 pairs. Each pair contains labels for 2048 of the cache-memory 
blocks. Address lines A2 thru A12 are used as the set-address inputs. If the 
chip select (CS) is at a logic high (deselected), the ‘ACT2152 match output (M) is high. 
An AND function can be used to enable the cache data buffers and also notify the 
control circuit if access needs to be made into the main memory. The logic for this 
system illustrates that the upper pair are compared for the first 2048 blocks within 
cache and the lower pair are compared for the second depending on the state of 
address A13. 


ADDRESSES TO CS TO 
CACHE BUFFER RAM CACHE BUFFER RAM 
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MEMORY 
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CONTROL 
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‘ACT2152 


M1 


Figure 3-5. Cache Memory Configuration (Block Size = 1) 


A dual cache structure (K = 2) is shown in Figure 3-6. The M-word memory is divided 
into 4096 sets of 256 four-word blocks. In this example, AO and Al are used to select 
_ which one of the four words within a block are accessed. A2-A12 select which of 
the 2048 block labels are to be compared. Addresses A14-A21 form the eight-bit 
label for the block. Address A13 is used by the cache control logic in conjunction 
with the possible processor status lines as chip select inputs. The match outputs from 
the two ‘ACT2152 devices, A1 and A2, are NANDed to form an active-low enable 
to the cache data buffers and to serve as a request to the control logic. The match 
outputs from B1 and B2 also are NANDed to perform a similar function for cache RAM 
B. If no match is found in cache RAM A or B, the control logic will initiate an access 
from main memory. The purpose of the dual-cache architecture is to allow for rapid 
switching between multiple tasks or programs since the processor can have access 
to one cache while the controller moves data between main memory and the other 
cache. The dual or multiple cache approach also yields more replacement options than 
the single cache architecture. When an access results in a miss in the single cache 
system, the data in cache is replaced by the current data even though the old data 
may still be useful. By using independent caches, the control can determine which 
data is most expendable and replace that block while the other caches keep their 
potentially useful data. 


CACHE RAM ARRANGED IN 
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DO.D15 MEMORY 
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A0-A11 


MEMORY 
CONTROL 
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Figure 3-6. Cache Memory Configuration, Dual Cache (K = 2) 
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3.3.4 Summary 


Cache-memory architecture can enhance the throughput of many microprocessor 
systems. This allows large low-cost memory to perform like a high-speed RAM. The 
‘ACT2151 and ‘ACT2152 reduce the tag memory implementation cost and complexity 
and provides label comparison times comparable to the access times of high-speed 
memories. These additional benefits make high-performance microprocessor designs 
that can use the same techniques of optimizing cost, memory size, and throughput 
that had previously been available only in larger computer applications. 


3.4 Article Reprints 
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‘The following three articles are being reprinted in this report for your convenience. 


The articles are ‘‘Caches Keep Main Memories From Slowing Down Fast CPUs”’, 
‘‘Cache-Memory Functions Surface on VLSI Chip’’, and ‘‘Match Cache Architecture 
to Computer System’’. 


Until main-memory speeds catch up to CPU processing speeds, 
cache memories can be called upon to keep overall throughput rates 
up—especially as main-memory sizes grow. 


Caches keep main memories 
from slowing down fast CPUs 


This article begins a series on cache-memory 
systems long employed in mainframes and high-end 
minicomputers, and just now ready to enter 
microcomputers as large, but slow dynamic RAMs 
become available. The strategy of Texas Instruments 
is sketched by Richard N. Gossen, manager of 
advanced development, in this issue (p. 32). 

Whenever a speed mismatch occurs between main- 
memory bulk storage and a fast-processing CPU, a 
cache memory can provide the interface to take full 
advantage of the CPU’s processing speed. From the 
main memory, the cache memory extracts and tem- 
porarily stores enough data to satisfy immediate 
CPU needs. Writing from the main memory is at 
the main-memory’s slow speed, but reading to the 
CPU is at the CPU’s high speed. As 
the word “cache” implies, the 
memory’s operation is hidden from 
(or rather, transparent to) the user. 

Figure la exemplifies an 8-Mbyte 
main-and-cache-memory system in a 
typical large computer (see “Caches 
Needed as Main Memories Grow’). 
The main memory alone can attain a 
cycle time of about 400 ns, but with 
error-detection-and-correction cir- 
cuitry added to the system, a cycle 
time of about 500 ns is more likely. 
On the other hand, an ECL- or TTL- 
based CPU can be ten times faster 
with about a 50-ns cycle time. Buffering main 
memory with a 50-ns cache—well within current 
technology—enables the computer to run at a speed 
close to the CPU’s maximum speed. 

Figure 1b shows a more detailed block diagram 
of a typical cache memory. It represents a set- 


Cliff Rhodes, Static-RAM Design Manager 
Texas Instruments Inc. 
4000 Greenbriar Dr., Stafford, TX 77477 


Reprinted with permission from ELECTRONIC DESIGN, Vol. 30, No. 2 January 21, 1982. Copyright 1982 Hayden Publishing Co., Inc. 


associativecachesystem with 2-kbytes of datastorage 
capacity in a single-set configuration and it serves 
a 16-bit microprocessor system with a 22-bit address 
bus. The basic storage elements are two RAM arrays: 
one, a 1024 X 16-bit-word unit for data storage; and 
the other, a 1024 X 13-bit-word unit for address, or 
tag, storage. Addresses that arrive via the CPU data 
bus (Ap to Az) are compared with those held in the 
tag RAM. If they match, the desired data are located 
in the cache’s data RAM and the main memory can 
be bypassed. 

When first turned on, or should the computer 
system malfunction or be shut down momentarily, 
the cache would then probably contain improper or 
erroneous data. Thus, a most important function not 


KEYING INTO 
... SYSTEM DESIGN 
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Cache memories 


specifically shown in the block diagram is a special 
control-logic section to perform initialization opera- 
tions for loading the cache with valid initial data. 
Particularly important is the proper loading of the 
tag RAM to prevent false matches. 

Traditionally, cache memories have been con- 
structed with static-RAM bipolar-semiconductor 
technology, but recent improvements have given 
NMOS static RAMs an edge by requiring less power 
at the same speeds as bipolars. The CPUs, of course, 
are built from high-speed ECL or Schottky TTL, 
whereas main memories usually are composed of 
dynamic RAMs that are about an order of magnitude 
slower than the CPU. 


Cache concept based on probability 
No matter what the cache is made of or how it 


is configured, its operation is based on “property- 
of-locality” probability principles, which experience 


main memory 
(500-ns cycle) 


1. Inacomputer system with a main memory, whose cycle time is a relatively slow 500 ns, 


has shown to have the following characteristics: 
First, over short time periods, most CPU memory 
accesses are made to adjacent, small groups of 
locations; therefore, even a small-cache, storing 
carefully selected data, will have data the CPU needs 
most of the time. Second, data stored in the cache 
and recently used will likely be reused shortly 
thereafter. Finally, data adjacent to data that have 
been recently used will most likely be used next. 

Usually, then, several adjacent words are 
transferred from main memory into the cache: The 
immediate need may be for just one of the words, 
but eventually the subsequent words are likely to 
be required. This procedure reduces repeated ac- 
cesses to main memory (“misses”), and increases the 
probability of finding the data in the cache, or “hits.” 

To demonstrate the effectiveness of a cache, con- 
sider a typical system, where 20% of all CPU opera- 
tions are memory accesses (misses), the CPU cycle- 


cache memory 
(50-ns cycle) 
Data oe : 
storage : CPU 
3 (50-ns cycle) 


Tag storage and 
control logic 


1 
Tag RAM 
(1kX 13) (1kX16) 


a fast 50-ns cache memory is interposed to match the CPU's 50-ns cycle time (a). In more 
detail, a set-associative cache system has address tag words stored in one RAM, while the 
data words are stored in a separate RAM (b). 


9-58 


time is 50 ns, and main-memory cycle-time is 500 
ns. Accordingly, average machine-cycle time is 


20 x 500 + 80 Xx 50 
100 
=140 ns. 


However, with a 90%-efficient, 50-ns cache, the 
average cycle time is 


2 x 500 + 18 x 50 + 80 x 50 
100 
=59 ns. 


Note that with an effective 90% hit ratio, the CPU 
is forced to access the main memory on just 2% of 
all machine cycles (10% of 20% of the cycles). Thus, 
most memory accesses are handled through the 
cache, and the average machine cycle-time is cut to 
almost a third. However, these calculations are 


cas 
CIN TTY i 
Sc 


ane eRe 
PoE RSS 

CNN ye 
AGEN CL i 


MTT de 


2. Afully associative mapping algorithm allows any one of 
the m X nmain-memory biocks to be placed into any one 
of the cache-memory biocks. 


simplified, because only a monoprogram instruction 
stream is considered. Indeed, properly designed 
cache memories routinely achieve considerably bet- 
ter performance in mainframes and minicomputers 
with actual, more complex programs. 

A cache memory’s data-storage section can be 
implemented fairly simply with standard, high- 
speed static RAMs. However, the address, or tag- 
storage, section must do more than just store—it 
must also compare addresses on the CPU bus with 
those it stores. This is best done with an associative- 
addressing technique. 


Data access by association 


Data in an associative or content-addressable 
memory are not accessed merely by a location, or 
address, code as in conventional memories, but are 
found according to some property or “value” of the 
data. Instead of an address word, a so-called search 
key, or descriptor, is presented to the cache, which 
represents particular values of all or some of the bits 
of a stored word. When it is compared together with 
a “lock”—the so-called tag bits—with all the words 
stored in the cache, the search key ferrets out all 
associated words. If the key has few attributes—is 
therefore said to be “loose”—many words can match 
and be accessed. 

Though simple in concept, the associative-search 
procedure is very complex in execution. The two most 
common mapping algorithms that associate a set of 
data in main memory—called a “block”’—with a 
corresponding block in the cache are designated 
“fully associative mapping” and “minimal set-as- 
sociative mapping.” 

In fully associative mapping (Fig. 2), any one of 
the m X n blocks in main memory can be placed in 
any one of the cache blocks, which then has a tag 
address associated with it that specifies from which 
main-memory block it came. (One of the tag bits— 
a control bit—checks the validity of the block, and 


3. The larger the cache, the smaller the number of misses (a). Splitting the cache into several independent 
sets further reduces the miss ratio (b); however, in both these cases the improvementrate tapers off sharply 
beyond some specific point. And when block-size and block-quantity are traded off against each other 

(c), miss rates are minimized sharply at some particular optimum size/number relationship. 
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the low-order address bits can define bytes and data- 
transfer units, or words.) Each address generated by 
the CPU must be compared with all of the tags, and 
the field of address tags must span all main-memory 
m X n blocks, regardless of the cache’s capacity. In 
this case, the cache acts as a linear array. 

In set-associative mapping, a selection from ann 
row of m blocks is placed into the corresponding row 
of the cache. Then only those bits covering dimension 
m become the tag of the set n. Thus, for each CPU 
address only the tags in that row must be compared. 
However, for the minimum effective set—having a 
dimension of two—a linear array must swap blocks 
frequently because the cache cannot hold more than 
one block from a row at any time. 

Whether fully associative or set-associative map- 
ping, if data-block addresses in the cache tag-store 
match those on the CPU address-bus, the data are 
made available from the cache. And if no match, or 
a miss, occurs, the CPU is delayed while the needed 
data are fetched from main memory. In this process, 
the entire block containing the data sought is 
transferred into the cache. 


Of course, the larger the cache, the smaller the - 
number of misses on each CPU cycle. However, for 
a normalized miss-rate-vs-cache-size plot that as- 
sumes a fixed number of blocks in the cache and a 
main-memory size from 2 to 4 Mbytes, the rate of 
improvement in miss rate diminishes rapidly above 
8 kbytes of cache size (Fig. 3a). Thus, the cost of a 
very large cache is not paid back in higher 
performance, when optimum size is exceeded. 

However, further improvement can be obtained by 
breaking the cache capacity into a number of sets 
—defined as the number of parallel, independent 
caches in a system. For the same 2-to-4-Mbyte main 
memory and with the total cache size fixed at 8 
kbytes, two separate caches of 4 kbytes each offer 
better performance than a single 8-kbyte implemen- 
tation, because another quick data-replacement trial 
is available whenever a miss occurs the first time 
(Fig. 3b). With a single set, a miss forces accessing 
the slow main memory, which replaces all the data 
in the cache, even though the replaced data may soon 
be required again in the program. However, again 
performance increase slows significantly above an 
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4. The cache for the PDP 11/70 is organized into two 256 biocks of data totaling 1024 words 
(a). Every block has atag field representative of the physical address of the word in the main 
memory (b). 
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optimum size—in this case, above between two and 
three independent sets for the 8-kbyte cache capacity. 

Naturally, block size and the number of blocks also 
affect miss rate. However, in a constant-capacity 
cache, trading the number of blocks against their size 
seems to raise a conflict: Large blocks accommodate 
more adjacent data and thus would tend to reduce 
the miss rate. But a higher number of smaller blocks 
also would help reduce misses by providing more 
data choices. Figure 3c shows a minimum miss rate 


at about 8 bytes per block, or 1000 blocks, for a total 
8-kbyte cache capacity. For block sizes between 2 and 
16 bytes, an 8-, 16-, or 32-kbyte cache offers the same 
normalized miss-rate performance, although larger 
the total capacity, the smaller the absolute miss-rate. 

To complete this general overall description of 
cache operation, one additional important function 
must be examined—the data-replacement algo- 
rithm. Again, any time a cache memory records a 
miss, a new block containing the required data must 


Caches needed as main memories grow 


Although advanced microprocessor-based systems 
are beginning to see the dawn of the cache-memory 
era, large systems like the IBM 360 class and large 
minicomputers like the DEC PDP-11 series have been 
“caching-in” for years. On a cost-effective basis, a 
cache system offers higher system speed for the cost 
of just a small quantity of fast memory plus its 
associated logic. 

The resulting speed depends on the size and or- 
ganization of the cache, not the size of main memory, 
and no programming changes follow when a cache 
system is used. Nevertheless, it is the increased main- 
memory size that will fuel the growth of cache-type 
systems in the upcoming high-performance micro- 
computers and microprocessor systems. 

The high-density RAM chips that will significantly 


1982 projected 16-bit uC performance 


Fastest supportable 
Processor |Maximum ciock rate} memory access 


increase the main-memory sizes that microprocessors 
and microcomputers will be cailed upon to support 
are relatively slow dynamic units (see table). By 1983, 
as the 64-kbit dynamic RAM becomes a cost-effective 
chip, the average 16-bit processor will be operating 
with 128 kbytes of memory. And by 1985, with the 
expected maturity of the 256-kbit dynamic RAM, '- 
Mbyte memories will be commonplace in 16-bit pro- 
cessor systems (see curve). Already, TI’s 16-bit 99000 
processors can address up to 16 Mbytes with the 
addition of a memory-management unit. Systems of 
this size, like mainframes and large minicomputers, 
will demand cache memories to enhance performance. 

While physical memory size encourages the growth 
of cache systems, improved microprocessor perfor- 
mance also contributes to wider cache use. Processor 
speeds will certainly increase, necessitating fast cache 


memories to enable CPUs to make full use of their 
improved capabilities. The accompanying table pro- 
jects the expected speed performance in 1982 of 
several of the best known processors. 

For example, TI’s 99000, with a maximum clock- 
rate of 6 MHz, is expected to support memory access 
times of 90 ns. This meshes perfectly with the new 
generations of NMOS static RAMs, whose access 
times are now in the 30-to-50 ns range. A 99000 will 
almost certainly benefit from a cache-memory system 
when it supports main memories in the megabyte 
range. Indeed, the Zilog Z8001A, the Motorola M68000, 


1024 


256 
Average 16-bit 
RAM 


uC memory 
(kbytes) 4 


1981 1982 1983 1984 1985 


and the Intel 8086-2 are somewhat slower than the 
99000 in memory-access times; therefore, they should 
most definitely benefit from a cache for high- 
performance applications. 

In such microprocessor systems, dynamic RAM 
used as the main memory will always remain the 
limiting factor to improved system performance 
because it is slower than a microprocessor. Even a 
dynamic RAM with access time as fast as 150 ns slows 
considerably when operated in a 1-Mbyte memory 
system using error-detection-and-correction circuitry. 
The best performance of such a RAM is in the range 
of 400 to 500 ns, minimum. If a processor is forced 
to interface at this slow speed, severe performance 
penalties result in the system. 
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Cache memories 


be fetched from main memory to replace the block 
already in the cache. But which block should be 
removed to make way for the new information? 

Clearly, replacement should be based on some type 
of index of value for maximum effectiveness, not 
randomly performed. An index of value can be based 
on the chronology of the data, such as FIFO (first- 
in, first-out), or the frequency of use, LRU (least 
recently used), or acombination of the two. Of these, 
LRU is one of the most popular techniques. It is based 
on the theory that if information has been often and 
recently referenced, it is likely to be referenced again 
in the near future. 

LRU offers some advantage over the FIFO 
algorithm. Even though FIFO eliminates the 
possibility of loading data and immediately remov- 
ing it, FIFO has a serious disadvantage: Even when 
a block of data is frequently and continually used, 
eventually it becomes the oldest and is removed, 
although experience shows it likely will be needed 
again, soon. In addition, FIFO can introduce some 
unusual side effects. 


The associative cache in the PDP-11 


In an actual cache system, say the PDP-11/70, a 
1024-word (2048-byte) memory is organized as an 
associative cache in two groups, or sets—each group 
containing 256 blocks of data and each block contain- 
ing two. words divided into two bytes (Fig. 4a). Every 
block also has a tag field to represent the physical 
address in main memory, where the original copy 
of the data-block resides. 

Data from main memory can be stored in the cache 
in an index position determined by its main-memory 
physical address (Fig. 4b). An 8-bit index field (bits 
2 to 9) of the main memory’s 22-bit physical-address 
word determines which of the 256 cache-memory- 
array blocks will contain the data (either in group 
0 or group 1 as determined by the hit or miss 
conditions). And the lowest two bits (bits 1 and 2) 
select word-1 or word-2 and byte locations in the 
block. But only the high-address field (bits 10 to 21) 
—the tag field—is stored in the cache. 

Data are always sought in the cache first. If the 
information is not present—a miss—a two-word 
block of data is transferred (written) from main to 
cache memory. In a typical program, writes to the 
cache occur just 10% and reads from the cache, 90% 
of the time. Read hits average 80 to 95% of all 
memory operations in a typical program.O 


Design 


A cache-tag store and comparator on a single chip will reduce parts 
count, save space, and also greatly simplify cache systems in upcoming 
minicomputers and microcomputers having large memories. 


Cache-memory functions 
surface on VLSI chip 


This is the second article in a series on 
cache-memory systems. The first article, 
which covers the basic philosophy of cache 
systems, appeared in the Jan. 21 issue (p. 
179). The overall approach was sketched by 
Richard N. Gossen, manager of advanced 
memory development at Texas Instru- 
ments, in the same issue (p. 32). 

Given the growth now occurring, and in 
the offing, in the main-memory size of 
minicomputer and microcomputer sys- 
tems, cache memories will be needed to take 
full advantage of their CPUs’ speed. The 
TMS2150 cache-address and comparator IC 
represents a major step in simplifying the 
cache designer’s task, as it handles most of 
the so-called tag functions—cache-address 
storage and comparison. 

A cache memory is a small, fast buffer 
memory interposed between a fast CPU 
and a relatively slow main memory, like a 
dynamic RAM. In this way, with an- 
ticipated and frequently used information 
prestored in the cache, the CPU can obtain 
most of the data and addresses it needs at 
a speed comparable to its own. By proper 
design, the number of information accesses 
to the large but slow main memory can be 
reduced to a minimum. With a special memory- 
mapping technique, a small number of cache storage 
locations can represent large blocks of backing- 
memory information. 

The cache, a fast static RAM, is divided into two 
sections—the tag store for the cache addresses; and 


the data store for numerical, program, or other types 


Clifford C. Rhodes, Static RAM Design Manager 
Jino Chun, Memory Design Engineer 

Troy Herndon, Memory Design Engineer 

Texas Instruments Inc. 

P.O. Box 1443, Houston, TX 77001 


Reprinted with permission from ELECTRONIC DESIGN, Vol. 30, No. 4 February 18, 1982. Copyright 1982 Hayden Publishing Co., Inc. 


of data. Cache memories, however, require more 
than mere storage. Just as important is high-speed 
data comparison to check a portion of the CPU 
address field against the tag addresses previously 
stored in the static RAM. This operation determines 
whether the data addressed by the CPU resides in 
the cache. 
The 2150 (Fig. 1) stores the cache tags (or ad- 
dresses) in a 512-word X 9-bit static RAM, and also 
contains a 9-bit comparator. In addition, it generates 
and checks parity. The RAM’s high speed, of course, 
matches or exceeds that of most available 
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Cache tag-comparator 


microprocessors, and the 9-bit comparator circuit, 
which is integrated into the chip’s memory-sensing 
amplifiers, is about 50% faster than bipolar com- 
parators currently found in cache systems. 

Housed in a 24-pin, 300-mil ceramic DIP, the 2150 
works over an ambient temperature range of 0° to 
70°C. Operation is from a single +5-V power supply, 
and the chip interfaces directly with both TTL and 
MOS logic circuits. Because of the ceramic package, 
power dissipation can go as high as 660 mW; typical 
dissipation, however, is 400 mW. To simplify cache- 
system design, the 2150 works fully statically—no 
clock or synchronizing signals needed—and it is 
easily expandable to fit any size processor bus or 
memory system (see “VLSI Built with Proven 
Techniques’ ). 


WBN LE Ed + 
|< eX eX, Be X, BRST 
u a ee 


cr om me 
Dd, | : 


: Pe SOE MIM GAT SY "HS | 
. X address and reset logic 


o 
2 
ry 
” 
= 
= 
So 
c 


1/0 logic 
Column select 


1 O.logic 


address Column select 


Me. Parity. match. and data control logic 


cy 


D Tr 
OC 


Pa 


1. The TMS2150 cache-tag store and comparator, a single 
VLSI chip housed in aceramic 24-pin DIP, occupies 24,600- 
mil? of silicon and is fabricated with proven 4.5-um design 
rules and NMOS technology. 
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The use of the 2150 makes for a minimum chip- 
count cache system, especially in conjunction with 
the companion TMS2149 1-k-x-4-bit static RAMs to 
store the data. The 2150 alone replaces 14 chips in 
conventional systems. Still, even the simplest cache- 
control circuit with the 2150 requires several TTL 
devices for buffering and control and some fast 
RAMs (like the 2149s) for storage. 

In the block diagram of the 2150 (Fig. 2), the tag 
static-memory array of 64 rows by 72 columns is 
organized into the 512 words of 9 bits each, for a 
total of 4608 bits. 

Initializing this memory is simple: Merely pulsing 
the Reset terminal low to clear all 512 memory 
locations forces the chip’s Match output terminal 
high; and the reset pulse can be as short as 35 ns. 
Initializing a conventional cache memory, however, 
is much more complex. It requires a set of sequential 
operations that is time-consuming and demands far 
more hardware than the 2150’s asynchronous single 
pulse. 

A read cycle is enabled when the chip-select 
(CS) input is driven low while the write-control input 
(W) is held high (Fig. 3a). During this cycle, nine 
input-address bits (Ao-As) select a 9-bit word in the 
memory array for comparison with eight input-data 
bits (Do-D7) and an internally generated parity bit. 
Upon a valid match, the Match output terminal goes 
high. However, if the parity check indicates an error 
in the internal-memory data, the parity-error output 
(PE) and the Match output go low. The PE output is 
an open-collector type, allowing simple OR-tie con- 
nections to other devices. 

For a write cycle, both CS and W must be driven 
low. Then, the data on the Do-D; terminals, plus an 
even parity bit from the internal parity generator 
are written into the memory-array location ad- 
dressed (or rather tagged) by Ao-Ag. A parity error 
can be forced by holding the PE terminal low, which 
is very useful for testing. 

The 512-xX-9-bit tag memory-array structure 
permits the system to be expanded in building-block 
fashion for either wider or deeper tag stores. Pat- 
terned after bit-slice techniques, the 2150 can be 
considered an 8-bit-slice cache-address and com- 
parator; accordingly, a 16-bit word could be divided 
into two 8-bit segments and operated on in parallel 
by two cache systems, speeding up performance in 
comparison with serial operation. 

A key speed specification of a cache-address com- 
parator is the delay time, t, (A), needed for the signal 
to go from the address input to the match outputs. 
Generally, this specification is a worst-case delay 
path in acache-memory system. The 2150 is available 
with four delay versions—maximums of 45, 55, 70, 
and 90 ns—to meet a variety of cache-memory 


VLSI built with proven techniques 


Occupying just 24,600 mil? of silicon, the TMS2150 
cache-address store and comparator is fabricated with 
conservative, 4.5-um design rules and 2.5-u4m NMOS 
polysilicon gate lengths. Many of the 2150’s circuit 
techniques were first proven on the TMS2147H and 
TMS2149 4-k low-power, fast static RAMs. One such 
circuit, a distributed column-sensing amplifier (Fig. 
a), significantly improves the speed-power product 
over that of previous high-speed MOS designs. 

During read cycles, tag data stored in the 2150’s 
on-board memory are not directly accessible; instead, 
they are eémpared with the input data and checked 
for parity. Since this parity check must be performed 
at high speed, the sense amplifiers must reach valid 


Pull-down 
transistor 


Pull-down 
transistor 


Common data Common data 


Column-sense 
amplifier 
(1 of 8) 


Dout (a) Dou 


logic levels very quickly. That is beyond conventional 
differential amplifiers, but does not faze the dis- 
tributed, column-sensing amplifier in the 2150. One 
method employed in the sense amplifier to help 
achieve the required speed is to isolate the bit lines 
(BIT and BIT) fully from ‘the data lines (Dot and 
Dou) thus reducing the amplifier loading, which 
would hold speed down. 

A cross-coupled pair of FETs driven by data-line 
source-followers acts as the main sense amplifier. This 
circuit provides fast level shifting, high gain, and 
excellent performance over the total expected range 
of semiconductor processing variations and operating 
temperatures. 

Reading occurs when a column is selected by a high- 


level signal to the circuit’s column-select input. This 
input activates the column amplifier, which differen- 
tially drives the pair of common-data lines to the 


. sensed state, which is then quickly transformed into 


sharp, clean logic levels by the sense amplifier. 

To write data into the on-board memory, the pair 
of data-in signal lines (D;, and D;,) must activate the 
gates of the bit-line pull-down transistors. With the 
desired column selected, forcing a data-in line to the 
Vpp voltage level pulls the associated bit line low to 
write the data in. At the same time, the complemen- 
tary Data In line is held low, which permits the 
complementary bit line to rise to Vpp via the bit-line 
bias circuitry (not shown). 

Because the bit lines are fully isolated from data- 
line loading, they can be driven efficiently by the 
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chip’s small memory-cell transistors. Also, the sense- 
amplifier circuit has a precisely controlled differen- 
tial-voltage gain. Moreover, the dynamic require- 
ments for the column-decoding circuitry (also not 
shown) are light, because only one small transistor 
activates the column selection. And since the 
transistor’s source terminal is at ground potential, a 
relatively low column-selection voltage is sufficient 
to activate the column. 

In addition, the Exclusive-NOR gates were specially 
designed to minimize chip real estate. To simplify the 
layout, the parity circuit’s Exclusive-NOR gate (Fig. 
b) requires just a single-polarity input signal, 
minimizing the needed interconnection area. Similar- 
ly, the comparator’s Exclusive-NOR circuit (Fig. c) uses 
a common match line for the 9-bit comparator circuit 
to hold down the interconnection area. 
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Cache tag-comparator 


system speeds (Fig. 3a shows a unit whose t, (A) is 
about 30 ns). 

The fastest specified version (45 ns) is about 20% 
faster than the fastest conventional bipolar RAM and 
external TTL comparator circuit. In addition to being 
fast, the address-to-match signal time of the 2150 
is relatively stable over the operating temperature 
range, increasing just 20% from its 25°C value with 
the Match output driving a 30-pF load (Fig. 4). In 
addition, t, (A) changes little with supply-voltage 
variations. 

Other important timing parameters include the 
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chip-select-to-match delay time, t, (CS), which is 
about 25 ns maximum in the fastest 2150 version, 
and the input-address-to-PE delay time, t, (PE), 
which is specified at a maximum of 55 ns for the 
same version. 


Applying the 2150 


With the tag-store and comparator circuitry on a 
single chip, the 2150, of course, is a large saver of 
circuit-board space. One or more 2150s together with 
several 2149 static RAMs can be placed on a single 
board, rather than the 1% to 2 boards usually 


Parity 
checker 


c 
fo] 
= 

ue 
E 


cf 


F Parity ee = 
generator [L 


2. The 2150 contains a 64-row- X-72-column static-RAM memory array organized as 512 words 
of 9 bits each. The RAM stores tag-address data for the cache system, and the rest of the 

chip provides the logic for comparing the stored tag address with the address on the data- 

bus line for validity, and providing or checking the data’s parity. 
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3. The timing cycles for 2150 start with a Cs-low signal. After comparison and matching, either 
a Match high or a parity error (PE) low is obtained (a). The worst-case time delay between 
the address input and match output, t, (A), is akey 2150 specification, and is available as 
one of four maximum values. A unit actually measured has a typical 30-ns t, (A) delay (b). 
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required. Moreover, a single-board cache memory 
virtually eliminates the delay times from the 
capacitances introduced by buffers, conductor 
traces, board connectors, and backplane wiring. 
For example, the board can contain a single-set, 
2-kbyte cache memory for 16-bit words (Fig. 5). Two 
2150s serve for tag storage and comparison and four 
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4. The delay between the address input and the match 
output, t, (A), of the 2150 is relatively insensitive to variations 
in temperature or Voc. 
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2149s hold the 16-bit data words. Taken together with 
some TTL packages—four 748240 octal buffer’s and 
one 74S10—they make an 11-package tag and data- 
storage system that requires only a controller (not 
shown) to support a two-way interleaved backing 
dynamic memory. This cache board, which operates 
at a total delay from address input to valid-data 
output of less than 80 ns, can be applied to almost 
any 16-bit minicomputer or microprocessor system 
having a 22-bit address field. 

Acting as 8-bit-slice devices, the two 2150s split 
the processor address bus into two sections when 
comparing and matching addresses. When an ad- 
dress match is verified by both chips, the Match 
outputs—gated through G:—supply an enable signal 
to the 74S240s configured as bidirectional buffers. 
In that way, address-input data can move from the 
2149 static RAMs to the processor data bus. 

When the write-enable (WE) line is pulled low, data 
are entered into the 2149 RAMs from the processor, 
while the tag addresses of the data are entered into 
the 2150’s internal tag-store RAM.O 


5. The 2150 readily lends itself to building-block implementations of cache-memory systems, as 
in this 2-kbyte single-set cache that employs two 2150s for a 16-bit processor with a 22-bit address 
field. In addition, the cache system requires four TMS2149 static RAMs, four 748240 bidirectionally 
connected buffers, and a 74S10 gate chip. Thus the cache circuit comprises 11 chips. Not shown 


is the hit/miss and controller circuit that a cache also requires. 
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Performance could be improved by fitting cache-memory hardware to the 
system software or fine-tuning the software to the cache hardware. | 


Match cache architecture 
to the computer system 


The following article is the third in a series on 
cache-memory systems. The previous article covered 
the details of a particular cache tag-store and com- 
parator IC (Feb. 18, 1982, p. 159). The first article 
covered the basic cache philosophy (Jan. 21, 1981, p. 
179). Texas Instruments’ overall approach was 
sketched by Richard N. Gossen, manager of Ad- 
vanced Memory Development, in the Jan. 21 issue 
(p. 32). 

Cache-system architecture can take many forms, 
each with its own performance advantages and 
disadvantages and differing degrees of economy. But 
for optimum performance, the architecture of a 
cache-memory system should be matched specifical- 
ly to the architecture of the overall computer system. 
Moreover, the cache’s hardware and operational logic 
should be fitted to both the statistical and structural 
properties of the computer system’s software and be 
highly transparent to it. 

Of course, existing software can also be tuned to 
fit a particular cache hardware and its functional 
properties. A properly configured and finely tuned 
cache software-hardware system can approach well 
over 80% of the throughput that a very expensive 
all-high-speed memory could deliver. What’s more, 
a cache system can do it with a slow, low-cost bulk 
memory plus a small amount of additional high- 
speed hardware for the cache. 

Very high speed memory is expensive; therefore, 
the typical computer system cannot afford too much. 
On the other hand, bulk memory offers a large 


amount of low-cost capacity, but it is slow. Acache- . 


memory system can combine the advantages of the 
two types of memories economically: small, but fast 
memory in the cache with large but slow memory 
for bulk storage. 


Jerry VanAken, Computer Systems Engineer 
Texas Instruments Inc. 
8600 Commerce Park, Houston, TX 77036 


Reprinted with permission from ELECTRONIC DESIGN, Vol. 30, No. 5 March 4, 1982. Copyright 1982 Hayden Publishing Co., Inc. 


A well-designed cache-memory system can 
manage to keep the few most-likely-to-be-accessed 
data in the cache for quick reference, while the bulk 
memory serves as a backup on those occasions when 
the processor references data not contained in the 
cache. When successfully implemented, this ap- 
proach yields an almost transparent, economical 
memory system with the capacity of the bulk 
storage, but with the quick response of the cache. 

The memory system of an inexpensive microcom- 
puter system today is likely to be made up of a 
relatively low-cost disk and dynamic RAMs. Such a 
two-level memory hierarchy is well-suited to the 
needs of the less expensive popular microprocessor, 
whose minimum memory cycle times are on the 
order of 500 ns. Some of the newer high-performance 
microprocessors, however, have much shorter cycle 
times. An example is the 24-MHz 16-bit TMS99000, 
whose minimum memory cycle is 167 ns. For such 
a processor to access a block of relatively slow 
dynamic RAM, it must be slowed down by adding 
wait states to each memory cycle. This can be avoided 
by adding a third level to the memory hierarchy in 
the form of a high-speed cache of relatively simple 
design. The performance of such a processor can be 
improved dramatically, and the cache itself will 
represent only an incremental cost to the total 


Dynamic 
RAM 
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processor 
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1. Evena simple single-microprocessor system can benefit 
from acache system. With it, the number of accesses that 
must be made to disks and slow main memories like dynamic 
RAMs can be reduced substantially. 
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system—especially with the help of support chips 
such as the TMS2150 cache address comparator to 
keep the chip count low. | 

Although the per-bit cost of disk and semiconduc- 
tor memory has decreased dramatically in recent 
years, microcomputers remain expensive largely 
because each decrease in the per-bit cost of memory 
devices is countered by a proportionate increase in 
the size of the average memory system. However, 
adding a cache to a memory system can produce a 
more than proportionate yield on the user’s invest- 
ment in his memory system—in the form of more 
memory-access cycles per second per dollar. 

But even though the addition of a cache to a 
conventional, centralized high-performance micro- 
computer can greatly increase memory effective- 
ness, even greater improvements are possible with 
a distributed-intelligence architecture. The central- 
ized-processor arrangement shown in Fig. 1 is based 
on the economics of past years, when the processor 
part of the system represented a much larger part 
of the overall system cost than it does today. Now, 
the situation is different: to have a single $20 
microprocessor control $1000 worth of memory no 
longer makes economic sense. Low-cost independent 
microprocessors with local I/O arrangements in a 
distributed-intelligence system not only makes more 
economic sense, but can provide substantially better 
overall performance by using more of the available 
memory bandwidth (Figs. 2 through 5). 

Moreover, the amount of memory bandwidth 
available can be effectively improved through the 
addition of caches; hence, the distributed-in- 
telligence processing system can benefit from prop- 
erly applied caching even more than the centralized- 
processor system of Fig. 1. In the simplest dis- 
tributed system (Fig. 2), a central, global, bulk- 
storage memory can serve many independent 
microprocessors along a common bus. As the number 
of processors on the bus increases, the system 


throughput at first increases proportionately. But’ 


the bus gradually saturates—its bandwidth capabili- 
ty can handle no more data (Fig. 3). Adding more 
processors soon does not improve overall throughput: 
Since access to the memory for all data and instruc- 
tions, as well as messages between the processors, 
is via the bus, the bus quickly becomes very busy. 
As more processors are added, contention for the bus 
mounts, and delays become longer. 


Distribute memory too 


Moving some of the memory to the local sites of 
execution (Fig. 4)—in a so-called function-to-func- 
tion architecture (FFA)'—will help alleviate bus- 
contention problems by locally storing most of the 
instructions and data needed for the special func- 


tions performed at that site. In this way, the global 
memory need contain just the shared data and those 
instructions needed for overall coordination, which 
together with interprocessor messages now have 
more “room” on the bus. This arrangement then 
allows still more processors to be handled with a 
given bus bandwidth. 

Depending on the effort expended in organizing 
the software and the amount of local memory, the 
traffic on the bus can be cut way down—perhaps 
to as little as 10% of that of a nondistributed memory 
architecture. But to allow a_ high-performance 
microprocessor to operate at full speed, this local 
memory should be the fast, static-RAM type, which 
unfortunately is expensive and, in practice, limited 
ta small capacities. However, configuring this small 
memory into a cache system would help matters 
since its capacity, though small, will be filled con- 
tinually with current data (in a properly designed 
system). The small cache capacity would be as 
effective as a much larger static-RAM block mapped 
into a fixed set of memory addresses. 

Moreover, with more of the bus bandwidth made 
available, entire blocks of data can be moved with 
each global-memory access. Block transfers from the 
global memory can have much the same advantage 
as moving blocks from a disk: Following the initial 
access time, the overhead time for each additional 
data word in the block is merely incremental. 

For example, the global memory is likely to be 
made up of several dynamic RAMs, which support 
paged-mode operation. In this mode, only one row 
address is needed for a subsequent series of column 
addresses, which decreases the amount of overhead 
time per access. Or, the global-memory circuit may 
access not one, but several words in parallel, and then 
feed these to the system one-by-one at the maximum 
transfer rate of the bus. (Recent bus interfaces, such 
as the proposed IKEE-P896 standard, have been 
designed to support such efficient block transfers.) . 

Block transfers are particularly beneficial to 


Global 
memory 


1 


2. Adistributed-intelligence, or function-to-function, system, 
having several local microprocessors instead of one 
centralized CPU, not only makes more economic sense, but 
can provide substantially better overall throughput. 
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caches because of their locality property, which 
characterizes the memory-access patterns of all 
programs. Basically, if a program accesses one word 
in a data or instruction block, it is likely to access 
other words in the same block subsequently. By 
reading the entire block into the cache at once, there’s 
a good chance that the cache will be able to satisfy 
a greater number of additional access requests from 
the local processor without requiring more trips to 
the global memory for data. 


_ Where to locate the cache 


After the decision has been made to go with block 
transfers of data to the cache in the distributed- 
intelligence system, the next thing to determine is 
the location of the cache. In Fig. 2, the cache is located 
on the global-memory board. This cache location can 
decrease the time on the bus for memory accesses; 
accordingly, the bus is available for more data 
transfers. While this cache location decreases the 
overhead time per memory-data bus transfer, the 
number of such bus transfers remains the same as 
without the cache. 

However, if the cache memory is located as in Fig. 
4, the number of transfers over the bus is reduced. 
A block of data is accessed from main memory just 
once, but locally the same data can be used many 
times over without having to go back to the main 
memory via the bus. The bus bandwidth, thus freed 
up, now allows an increase in the amount of data 
transferred in each block. In addition, the cache block 
can be made large enough to achieve a desired hit 
ratio. 

But if the processors run very long, uninterrupted 
programs and need just a few global-memory ac- 
cesses, a simple FFA configuration (Fig. 4 without 
a cache, but with ordinary local memory) could be 
the most economical approach. With such programs, 
each processor executes the same on-board routines 
and accesses the same data locations repeatedly. 
Then the global memory need handle just messages 
between processors and system-wide instructions 
and data. 

With the traffic on the bus reduced substantially, 
more processors can be added to the bus. And global- 
to-local-memory transfers could proceed via a direct- 
memory-access (DMA) system, which of course 
would be initialized under software control. 
Transfers via a local cache system (Fig. 4 with cache 
systems), however, would carry out the transfers 
automatically, transparent to the software. 


Almost transparent 


When a distributed system is implemented with 
local caches, the software is virtually unaware of the 
split between the local and global memories: 
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Bus saturation 


System 
throughput 
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Number of processors (n) 


3. When a multiprocessor system shares a single 
bus, throughput rises proportionately at first with 
the number of processors, but tapers off as the 
bus’s data-handling capacity saturates. 


Hardware—the cache’s control logic—maps the con- 
tents of each local cache into the global memory, and 
the cache is largely transparent to the software. (By 
comparison, in a DMA arrangement, the software 
would have to be totally involved in the local-global 
memory split.) Accordingly, with distributed cache 
systems, existing software (such as Pascal) for 
centralized-CPU systems can be used, with but 
minor modifications, for a higher-performance 
distributed-intelligence system. 

Clearly, the distributed cache-system approach is 
general-purpose: All data and instructions can be 
mapped into the global memory as in the centralized 
system, and the local caches will then (almost) 
transparently remap the information for local use. 
In other words, the distributed system with local 
cache can best serve a general-purpose processing 
environment, where the specific functions of the 
individual processors cannot be predicted in advance, 
and thus where the contents of the local memories 
cannot be fixed at the time the system hardware is 
configured. 

On the other hand, with a fairly fixed and predic- 
table installation, perhaps with Fortran software, or 
in a plant-process-control application, where the data 
and software needed on each processor (board) are 
firmly established, the FFA approach could be used 
in place of local caches. But to achieve even greater 
performance, a distributed memory system can com- 
bine two or more of the approaches described. For 
example, cache memories can be employed for both 
the local and global memories—a combination of 
Figs. 2 and 4. The local cache decreases the number 
of references to the global memory, and the global 
cache decreases the average length of the bus cycles 
when global accesses do become necessary. Or, in a 
variation of the distributed-processor system of Fig. 
2c, local memory and local cache can be used on the 
same processor. In Fig. 2d, the addition of a cache 
improves the performance of a large but slow local 
memory composed of 64-kbyte (or larger) dynamic 
RAMs. 


Cache-memory architectures 


Although, in general, employing local caches in a 
distributed system (like the one in Fig. 2c) will 
remove local instruction and data traffic from the 
bus and speed throughput substantially, trying to 
make the caches appear totally transparent can 
introduce interference problems with messages 
between processors. In the distributed system of Fig. 
2c, for example, messages between processors should 
not be accessed through the local caches because this 
class of data is not held there: The caches contain 
only local current instructions and data from the 
global memory. As a result, in Fig. 3, when micropro- 
cessor 1 writes a message to microprocessor 2, the 
data should pass via a particular location in the 
global memory that acts as a message buffer. In the 
process, the local cache on the microprocessor-1 
board must be prevented from intercepting the 
message. And when microprocessor 2 tries to read 

_the message, its cache also must be removed from 
the message path. Otherwise, microprocessor 2 will 
encounter stale data in cache memory, and not the 
new message from microprocessor 1, which had just 
been deposited into the global-memory. 

A write-through (as opposed to nonwrite through 
or write-back) caching policy can ensure micropro- 
cessor 1 writes its message to global memory, but 
additional steps are needed to ensure that 
microprocessor 2 reads the message from global 
memory without interference from its cache. 
Software recognition of the special status of in- 
terprocessor messages can easily solve this potential 
problem. But this approach constitutes a lack of total 
transparency for the caches. 

One approach passes all interprocessor messages 
through the microprocessor’s I/O space. Since I/O 
data are not cached, this strategy automatically 


Microprocessor 
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4. Acache, located at the slow global memory as in Fig. 2, 
can reduce the number of required slow accesses to main 
memory, thus leaving the bus more time for other activities. 
But locating part of the memory at each processor—ina 
distributed architecture—is even better. 


avoids the interference problem. Interprocessor 
messages pass through the I/O space, bypassing the 
caches altogether. So if the software is initially 
written to handle the interprocessor messages via 
the I/O space, then when caches are introduced, they 
will automatically be transparent to the caches. 

Alternately, a particular set of addresses in the 
global-memory space can be dedicated to message 
passing. The control logic in each processor-board’s 
cache could incorporate a comparison circuit that 
recognized the message-space addresses and allows 
access to the message area in global memory to 
bypass the cache. 

System data should also bypass the caches and be 
taken by a processor directly from the master copy 
in the main memory: Such data are constantly being 
updated by the other processors. If passed via the 
local caches, such data would invariably be perceived 
as stale because of the constant updating. If allocated 
to specific and exclusive global-memory addresses, 
these system data can be handled like the in- 
terprocessor messages to bypass the caches. 

Similarly, each processor should have exclusive 
access to its own private instruction and data seg- 
ments in the global memory. In this way, the data 
are “protected,” with some support from bus 
hardware, from a processor that may go “berserk” 
and corrupt the instruction and data segments of the 
other processors in the system. 

Clearly, with caches in distributed-intelligence 
systems, the memory accesses must be organized 
rationally to optimize throughput, avoid inefficient 
data thrashing and, most important of all, avoid 
using data belonging to other processors. Of course, 
with a single cache (as in Figs. 1 and 2), it is rather 
difficult to mix up the data, since the cache should 
always contain updated master versions of the cor- 
responding blocks of memory (which is never 
changed without knowledge of the cache). In a 
multiprocessor system like Fig. 4, however, each 
local cache is supposed to keep a separate, accurate 
copy of some portion of the global memory—as it 
pertains to its own processor. But a mixup is possible 
because of the multiplicity of processors. 

The point of all this is that it is exceedingly 
difficult to make the cache memories in a distributed 
system totally transparent to software, while simul- 
taneously ensuring that each processor is provided 
with a coherent, updated version of the contents of 
global memory. Methods have been proposed for 
accomplishing just this, but they tend to be expensive 
in terms of the hardware required, and are therefore 
beyond the reach of the typical microprocessor-based 
system. 

In some systems, the entire contents of the cache 
may have to be “flushed,” if for any reason its 


9-71 


- Applications Information 


. uOHeUOJU] SUO}eoIddy 


Cache-memory architectures 


contents have become invalid. For example, a DMA 
device may alter the contents of main memory, 
invalidating the contents of the cache. Also, consider 
the case of a processor attached to a memory mapper 
(like a 74LS610), which translates the logical ad- 
dresses output from the processor into the physical 
addresses used to access the memory. A cache will 
usually be attached directly to the processor to avoid 
lengthening the cache access time with the propaga- 
tion delay through the mapper circuitry. However, 
this means that the cache contents are mapped into 
the logical rather than the physical address space. 
Consequently, when the map file is altered, this 
makes the cache contents invalid since the mapping 
of the logical into the physical address space is no 
longer the same. 

For applications where the cache contents must 
frequently be flushed, a cache-reset function is 
essential. Without the ability to flush the cache 
instantaneously, the system would be forced to clear 
each cache block, one by one. 

But flushing the entire cache when just a small 
portion of its contents needs updating is wasteful. 
Naturally, a more complex reloading arrangement 
can be designed to provide higher caching efficiency 
where only part of the cache data must be replaced 
frequently, but only at the expense of increased 
overhead in logic and software. Selectively dumping 
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5. Thelocal memory can bein “ordinary” RAM 
form (as in function-to-function architecture) or in 
cache form. Or, both acache and alocal dynamic 
RAM can be used. 


Global memory 
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6. Interprocessor messages should bypass caches to avoid 
interference. This can be accomplished with the software or 
special overhead hardware, or by employing the 
microprocessor’s I/O space to carry the messages. 
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only the affected areas of the cache capacity—such 
as when a DMA operation partially alters the con- 
tents of the global memory— instead of a total reset, 
would be more efficient, but also much more ex- 
pensive. It would also occupy more board space. 

Complexity requires board space. With the trend 
to smallness in electronic packaging, sometimes 
compromises must be made. CPU speed is generally 
compromised when going from a multiboard 
minicomputer design to a design that just barely 
crams a CPU onto a single board. To put substantial 
memory onto the board as well usually requires going 
to a slower microcomputer design, which puts the 
CPU into a chip, and leaves board room for the 
memory. However, the speed lost because of these 
compromises can be partially recovered by in- 
corporating a cache on the board (or even on the 
microprocessor chip). The cache effectively raises the 
individual processor’s memory access speed when it 
is used with a slow on-board dynamic RAM (Fig. 5). 

The TMS9995 microprocessor is a precache step 
in this direction: It contains a modest chunk (256 
bytes) of high-speed random-access memory, which 
is mapped into a fixed area of the processor’s address 
space. Thus, it does not qualify strictly as a cache. 
However, it can be used to the same effect by loading 
the RAM—under explicit software control—with 
currently needed data and instructions. 

The next step would be to put a cache on the 
processor board (or chip) with as much memory as 
the board space allows, all of which would be almost 
transparent to the system software. Equally impor- 
tant, a cache could make the most of the limited 
amount of memory that now can be put onto a board 
with the microprocessor and I/O. 

Despite the transparency, a programmer who is 
aware of the cache’s capability can fine-tune the 
software to maximize its efficiency. On the other 
hand, overly refined software for one hardware 
system can produce poor efficiency on another, while 
remaining transportable in the sense that it executes 
without error. But as software can be adapted to 
maximize the efficiency of cache configuration and 
minimize its limitations, so can cache-system 
hardware be designed to best fit very extensive 
existing software. It is a two-way street.O 
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4 Error Detection and Correction (EDAC) 


4.1 


4.1.1 


Use of an Error Detection and Correction (EDAC) Device 


Introduction 


The DRAM technology of today (i.e., 256K/M) has enabled system designers to use 
much larger memory sizes than ever before. However, as with most advances in 
technology, this has brought a new problem. For system memory sizes larger than 
1/2 million bits, it is generally considered that error detection and correction is required 
to guarantee system reliability without a tradeoff in performance. Although present 
methods of parity checking will identify errors, they are not able to correct them. And 
not correcting these errors can be costly. For example, in personal computers when 
parity errors are encountered, the system has to be reset to eliminate the problem. 
This system reset destroys any data stored in RAM and it must be reentered. Obviously 
this is unacceptable to your customers. To eliminate this problem, Tl has produced 
a cost effective Error Detection and Correction (EDAC) device. 


4. 1.2 Error Types and Sources in Dynamic Memories 


Two kinds of errors occur in memory devices; soft and/or hard errors. A hard error 
is a physical failure of the memory device (e.g., an internal short or an open lead). 
This type of error causes the memory location to always be either a high or a low. 
A soft error is a random occurrence of a memory location change from a high level 


to low level. These errors may be caused by system noise, alpha particle radiation, 


or power surges. 


In spite of design techniques used by memory chip manufactures to reduce these 
errors, they are still a source of major concern in your system. Table 4-1 indicates 
that as the density of memory chips increase their probability of errors also increase. 
Therefore, your data integrity decreases in larger memory arrays. 


Table 4-1. Chip Densities vs Soft-Error Rates 


CHIP DENSITY TYPICAL SOFT-ERROR RATE 
BITS/CHIP (% PER 1000 HOURS) 


64K 0.10 — 0.20 
256K 0.15 — 0.30 
1M 0.20 — 0.35 


4.1.3 Solutions to Boost System Reliability 


There are several alternatives available that will either decrease or eliminate these 
errors in your system. One method used to determine data integrity is the incorporation 
of parity checking. This can be accomplished by using an SN74ALS29833 Parity Bus 
Transceiver. To identify an error, the data word and the generated parity are compared 


by performing an exclusive-OR operation. If several bits in the data word are in error 


or the parity has changed, the exclusive-OR output would be low. While data integrity 
can be determined using this method, it is unable to correct errors. 
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To obtain the desired level of quality, some type of error-correction scheme must be 
incorporated. An EDAC chip provides the simple solution to the problem, while 
dramatically extending the system Mean Time Between Failures (MTBF). This is 
accomplished by detecting and correcting single bit errors and detecting double bit 
errors. See Table 4-2. 


Table 4-2. System MTBF Increases with an EDAC 


CORRECTABLE SOFT ERROR (SINGLE BIT) > 200 Years 


TBased on 16M-Bit memory system using 256K DRAMs with a 0.30% per 1000 hour soft error rate. 


When you include the other system variables causing errors (power surges, noisy 
systems, etc.), your memory system MTBF, without an EDAC could be reduced to 
several days. These types of memory-cell errors can be corrected using an EDAC. 


4.1.4 EDAC Operation 


When data is written to memory, the Tl SN74AS632 (32-Bit EDAC) generates parity 
check bits. Each check bit is generated by performing a specific parity check on the 
32-bit data word. For example, CBO is obtained by comparing specific bits of the 32-bit 
word with those corresponding to an ‘’X’’ in the Hamming Code Parity Algorithm (see 
Table 4-3). CBO will be at a high level if the total number of highs corresponding to 
these locations is an odd number. CBO will be at a low level if this number is even. 
This procedure is repeated 7 times to obtain the 7 check bits, CBO-CB6 of the Hamming 
Code. Check bits CBO-CB2 are used to determine odd parity. Check bits CB3-CB6 
are used for even parity. 


Table 4-3. Hamming Code Parity Algorithm 


CHECK 
WORD 


BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514131211109 876543210 


32-BIT DATA WORD 


X X 
xR OK 
X X 
RR a a A I ORY oe eee 
Ser. Say, ee ae ae a ee: 


The seven check bits are parity bits derived from the matrix of data bits as indicated by ‘’X’’ for each bit. 


These check bits are stored along with the data in your systems main memory. This 
additional memory requirement is the only overhead involved with the use of an EDAC. 
Figure 4-1 shows a typical system using an EDAC and illustrates this overhead. 
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Figure 4-1. Typical ‘AS632 System 


During a read cycle, the data and check bits are read from memory, any of which 
may be invalid. New check bits are computed from the stored data bits. To determine 
the validity of the data, the new and old check bits are exclusive-ORed producing 
a 7-bit syndrome code. When decoded, these syndrome bits describe the condition 
of the data word: free of errors, having a single bit error, or having multiple errors. 
See Table 4-4. Any single error in the 32-bit word can be corrected. Both single and 
double bit errors are indicated to the processor via single and double bit error flags. 


There are two additional options for implementing EDAC into your system; detect 
only and correct always. Of these two, correct always is the easiest to implement. 
The EDAC always corrects single-bit errors and writes this corrected word onto the 
system data bus or into memory. 


Because days can elapse between errors, correction can be done only when needed. 
The detect-only option increases your system performance during a read cycle by 
allowing data to be written directly to the system processor. If a single or double bit 
error occurs, the EDAC will flag the processor. This enables the processor to enter 
a wait cycle until the word is corrected. This method of implementation does not use 
the error correction portion of the EDAC until the processor determines what action 
to take in the event of an error. 


Another method of ensuring data integrity in your system is to use an EDAC unit during 
memory refresh. The EDAC will ‘‘clean’’ every memory location of errors during the 
mandatory refresh cycles. This process is known as memory scrubbing. The data can 
then be checked again during a memory-access cycle. By checking the data twice, 
the time between corrections is reduced. Therefore, the probability of multibit errors 
in your system declines. ; 
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Table 4-4. ‘AS632 Syndrome Decoding 


SYNDROME BITS | pono, | | SYNDROME BITS | Boop 
16 5 4 3 210) 16 5 43210) 
unc 


2-bit 
2-bit 
unc 


SYNDROME BITS | -o2op 
16 5 4 3 210) 


SYNDROME BITS | - poop 
16 5 43210) 
unc 


2-bit 
2-bit 
DB23 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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CB X = error in check bit X 

DB Y = error in data bit Y 

2-bit = double-bit error 

unc = uncorrectable multibit error 


The circuit illustrated in Figure 4-2 is an example of a memory system that used 
scrubbing. This circuit consists of the Tl SN74ALS6302, a 1M-DRAM Controller, the 
TMS4C1024, 1M DRAMs, the SN74AS632, a 32-bit EDAC, and control circuits. 
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Figure 4-2. Memory Management Systems Using Scrubbing 


4.1.5 Texas Instruments EDAC Family 
Because of the increase in MTBF, the SN74AS632 can increase system reliability 
typically by well over 500-fold. The ‘AS632 provides built-in diagnostics to assure 
reliable device operation. Byte-write capability is included to allow operation on 8-bit, 
16-bit, or 32-bit word widths in 3-state bus applications. The ‘AS632 provides the 
fastest correction time, 32 ns, and error-detection time, 25 ns, available today. The 
architecture of the ‘AS632 is illustrated in Figure 4-3. 
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SYNDROME 
GENERATOR 


CHECK-BIT 
GENERATOR 
(See Table 2) 


ERROR 
DETECTOR 
(See Table 3) 


32 


32 


ERROR 
BUFFERS CORRECTOR 


Figure 4-3. ‘AS632 Logic Diagram 


Along with the ‘AS632 32-bit EDAC, Tl has a complete family of high-performance 
EDAC products to fit your particular application. See Table 4-5. 


Table 4-5. Texas Instruments Error Detection and Correction Devices 


DEVICE | DETECTIONt | CORRECTION 
Ea TYPE | TIME (MAX) | TIME (MAX) FEATURES AVAILABLE 


, 16-BIT, 3-STATE 

SPEED ENHANCED ALS616 
16-BIT, NO BYTE-WRITE, 3-STATE 
16-BIT, NO BYTE-WRITE, OPEN 


ALS616 
AS616 
LS630 
LS631 


ALS632A 
ALS632B 
AS632 
ALS634A 
AS634 


TSingle Bit Error 
+Design Goals 


COLLECTOR 
32-BIT, 3-STATE 
SPEED ENHANCED ALS632A 
FASTEST EDAC AVAILABLE 
32-BIT, NO BYTE-WRITE, 3-STATE 
SPEED ENHANCED ALS634 


All of the products listed in Table 4-5 offer the following: 


1. Built-in Diagnostic Capabilities 
_2. Modified Hamming Code Operation 


3. Dependable 


4.1.6 Summary 


Texas Instruments Quality and Reliability 


Memory errors are becoming a very important concern to the system designer. To 
effectively ensure data integrity, a method of correcting data errors is necessary. An 
EDAC unit provides you with this essential function along with increasing system MTBF 
from days to years. The Tl EDAC family offers you ease of implementation, high 


performance, and 
using. 


a device that is compatible with any microprocessor you might be 


For more information on the TI family of EDAC devices, please contact your local T1 
Sales Representative or the Customer Response Center at 1-800-232-3200. 


For your convenience, the Tl documentation is listed below. 


Tl Reference Number 


Error Detection and Correction Application Reports: 


SN54/74LS630 or SN54/74LS631 SDLAOO3 
SN54/74ALS632B, ‘ALS633, ‘ALS634A, ‘ALS635 SDAS102 
Data Sheets: 

SN54/74AS632 SDAS101 
SN54/74ALS632B, ‘ALS633, ‘ALS634A, ‘ALS635 SDAS105B 
SN54/74ALS616, ‘ALS617 SDAS047 
SN54/74LS630, ‘LS631 (TTL Data Book Vol. 2) SDLDOO1 
LSI Data Book SDVDOO1 
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4.2 Error Detection and Correction Using ‘ALS632B, ‘ALS633, ‘ALS634A, and ‘ALS635 


4.2.1 Introduction 


With memory systems continuing to expand and the expectation of 256K-byte DRAMs 
in the near future, error detection and correction has become increasingly important. 
Generally, the larger the chip density, the greater the probability for device errors. 
It is easy to recognize this probability when one considers that a 32-bit x 64K-byte 
memory, using 64K-byte DRAMs, equals approximately 2.1 million bits of information. 
This expands to 8.4 million bits of information when using 256K-byte DRAMs. For 
memory sizes larger than 0.5 million bits, error detection and correction is required 
to guarantee high reliability. 


The SN54/74ALS632B, SN54/74ALS633, SN54/74ALS634A, and SN54/74ALS635 
provide a solution to these requirements in 32-bit machines. In addition, the ‘ALS632B 
and ‘ALS633 provide the necessary hardware to perform byte-write operations which 
are typically used in the more advanced systems. To ensure the integrity of the error 
detection and correction circuit, diagnostic capabilities have been provided in all four 
devices. 


The ‘ALS632B series devices are not limited to 32-bit systems. They can be 
implemented in 16- or 24-bit systems. In the case of 16-bit systems, the additional 
memory needed for holding the check bits can be reduced when compared to 
conventional 16-bit EDACs. 


The pin functions are listed in Table 4-6. Mechanical data for the ‘ALS632B, ‘ALS633, 
‘ALS634A, and ‘ALS635 is shown in Figure 4-4. 


Table 4-6. Pin Function for “ALS632B, ‘ALS633, ‘ALS634A, and ‘ALS635 


DESCRIPTION 


Selects the operating mode of the EDAC 

$1 so MODE OPERATION 

i & WRITE Input dataword and output checkword 

H L READ & FLAG Input dataword and output error flags 

H H CORRECT Latched input data and checkword/output corrected 

Data and error syndrome code 
ie H DIAGNOSTIC Input various datawords against latched 
_ checkword/output valid error flags ° 


DBO through DB31 


OEBO through OEB3 
(‘ALS632B, ‘ALS633) 


1/O port for entering or outputing data 


Three state control for the data I/O port. A high allows data to be entered, and 

low outputs the data. Each pin controls 8 data 1/O ports (or one byte). GEBO 

controls DBO through DB7, OEB!1 controls DBS through DB15, OEB2 controls DB16 through 
DB23, and OEB3 controls DB24 through DB31. 


OEDB Three state control for the data 1/O port. When low allows data to outputed and a high allows 
(ALS634, ALS635) data to be entered. 
LEDBO 
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Controls the dataword output latch. When low, the data output latch is transparent. When high, the 
latch stores whatever data was setup at its inputs when the last low to high transistion occured on the pin. 
Port for enteri outputing the check . Itis al sed too t the syndrome error code 
CSO through CS6 0 ort for entering or, utputing the checkword. It is also u utpu y or cod 
during the error correction mode. 


Three state control for the checkword I/O port. A high allows data to be entered and a low 
allows either the checkword or syndrome code (depending on EDAC mode) to be outputed 


Multiple error output flag, when low indicates two or more errors present 


Tae eee Single error output flag, a low indicates at least a single bit error. 


ceramic packages — side-braze (JD suffix) 


This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 


‘ALS632B, ‘ALS633 ... JD PACKAGE ‘ALS634A, ‘ALS635 .. . JID PACKAGE 
(TOP VIEW) (TOP VIEW) 


39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 


INDEX DOT 


es A ed 5,1 (0.200) 
0,51 (0.020) MAX 


MIN | 
SEATING 
105° PLANE 
90° 


1,90 (0.075) u 1,52 (0.060) 
ike MAX 7,02 0.040) 3,05 (0.120) 
0,25 (0.010) eh MIN 


NOM P 
2,54 (0.100) T.P. 0,38 (0.015) 
PIN SPACING 


(See Note a) 


A + 0,25 (0.010) 15,24 (0.600) | 15,24 (0.600) 
PF BMAX «|= 62,212.48) | 67,3 (2.68) 
C NOM 15,0 (0.590) | 15,0 (0.590) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE: a. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


Figure 4-4. Mechanical Data 
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4.2.2 Operational Description 


4.2.2.1 Write Mode 
During a memory write cycle, the EDAC is required to generate a 7-bit check word 
to accompany the 32-bit data word before being written into memory. To place the 
‘ALS632B, ‘ALS633, ‘ALS634A and ‘ALS635 in the write mode, take $1 and SO 
low. Output-enable controls OEBO through OEB3 for the ‘ALS632B, ‘ALS633 or OEDB 
for the ‘ALS634A, ‘ALS635 must be taken high before the data word can be applied. 
Output-enable control OECS must be taken low to pass the check word to the external 
bus. 


The check word will be generated in not more than 30 ns after the data word has 

_ been applied. During the write mode, the ‘ALS632B series EDACs can be made to 
appear transparent to memory, because typical write times of most DRAMs are much 
larger than the propagation delay of data to check word. 


4.2.2.2 Read-Flag-Correct Operation 
During amemory read cycle, the function of the ‘ALS632B series EDACs is to compare 
the 32-bit data word against the 7-bit check word previously stored in memory. It 
will then flag and correct any single-bit error which may have occurred. Single-bit 
errors will be detected through the ERR flag and double-bit errors will be detected 
through the MERR flag. Figure 4-5 shows a typical timing diagram of the read-flag- 
correct operation. 


When SO is taken high, the EDAC will begin the internal correction process, although 
the error flags are enabled while in the read mode. For many applications, the simplest 
operation can be obtained by always executing the correction cycle, regardless if a 
single-bit error has occurred. 


READ $< conn) $$ 
; 

1+ ns) ———-» 
u t ! 


eee ee 


$1 


err ere gg rrintion ene sonal 


\ 
ate teu(1) Pie (9) —Pr | [tos 
ooo THRU oD 
i ; le —ton— 
OEBO THRU OEB3 
4 tu 1) et 9) ——} (tis 
' 1 
cB0 THRU CBG (—_iweurcnecxword__SSssso99xX OUTPUT SYNDROME CODE SSS595> 
: #— te, — 9} 
i 
OECB Seas 
SET 
eats ) —- 
ERR YYZ ALIOY YL CLZZINVALIDY/ 
MERR LLL LLL OYY LLL Lj NALIDMERR FLAG INVALID] 


Figure 4-5. Read-Flag-Correct Timing Diagram 
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4.2.2.3 Important Timing Considerations for Read-Flag-Correct Mode 

The most frequently asked question for an EDAC is how fast can a correction cycle 
be executed. Before SO can be taken high, the data and check word must be set up 
for at least 5 ns. In addition, the data and check word must be held for at least 10 ns 
after SO goes high. This ensures that the data and check word are saved in the EDAC 
input latches. After the hold time has been satisfied, the source which is driving the 
data bus can be placed in high impedance and the EDAC’s output drivers 
can be enabled. This is accomplished by taking OEBO through OEB3 (‘ALS632B, 
‘ALS633) or OEDB (’ALS634A, ‘ALS635) low. 


If the minimum data setup time is used as a reference and the output drivers are 
enabled after the minimum data hold time, then correction will be accomplished in 
37 ns or less. 


4.2.2.4 Read-Modify-Write Operations 
The ‘ALS632B and ‘ALS633 contain the necessary hardware to perform byte-write 
operations. The ‘ALS634A and ‘ALS635 are not capable of byte-write operations 
because they do not contain an output data latch or individual byte controls. When 
performing a read-modify-write function, perform the read-flag-correct cycle as 
previously discussed and shown in Figure 4-5. This ensures that corrected data is 
used at the start of the modify-write operation. 


The corrected data is then latched into the output data latch by taking LEDBO from 
low to high. Upon completing this, modifying any byte or bytes is accomplished by 
taking the appropriate byte control OEBO through OEB3 high. This allows the user 
to place the modified byte or bytes back onto the data bus while retaining the other 
byte or bytes. An example of a read-modify-write for byte 0 is shown in Figure 4-6. 


Since the check word is no longer valid for the modified data word, a new one is 
generated by taking SO and S11 low. After the appropriate propagation delay, the new 
check word will be available. 


4.2.2.5 Important Timing Considerations for Read-Modify Write Operations 
LEDBO should not be transitioned from low to high for 30 ns after SO goes high. This 
ensures that corrected data is latched into the data output latches. However, LEDBO 
should be taken high before either SO or S1 go low. Again, this is to ensure that the 
corrected data is stored into the data output latches. It is important that the new check 
word be available no later than 32 ns after SO and S1 go low. 
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so 


$1 


DBO THRU DB7 


DB8 THRU DB15 


DB16 THRU DB23 


DB24 THRU DB31 


LEDBO 
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CBO THRU CBE 
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Figure 4-6. Read-Modify-Write Operation 


4.2.2.6 Diagnostic Mode Operation 
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The purpose of the diagnostic mode is to provide the capability of detecting when 
the EDAC or memory is failing. There are several possible methods of using this feature. 
Figure 4-7 shows a typical timing diagram of some diagnostics which can be performed 
with these devices. Generally, the EDAC is first placed in the read mode (SO = L, 
S1 = H) and a valid check word and data word are applied. A valid check word is 
one in which the associated data word is known. The EDAC is next placed into the 
diagnostic mode by taking SO high and $1 low. This latches the valid check word 
into the input latches but leaves the data input latches transparent. To verify that 
the valid check word was properly latched, OECS can be taken low causing the valid 
check word to be placed back onto the bus. Since the data input latches remain 
transparent, this allows various diagnostic data words to be applied against the valid 
check word. A diagnostic data word is one in which either a single- or double-bit error 
exists. In either case, the error flags respond. The output data latch can be verified 
by taking LEDBO high and confirming the stored diagnostic data word is the same. 
This is possible because error correction is disabled while in the diagnostic mode 
(SO = H, S1 = L). Taking S1 high and LEDBO low will verify that the EDAC will correct 
the data word. In addition, the error-syndrome code can be verified by taking OECS 
low. It should be noted that only the ‘ALS632B and ‘ALS633 are capable of this pass 
through verification of the diagnostic data word. The ‘ALS634A and ‘ALS635 do not 
have the output data latch required to perform this function. 
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LEDBO ; | . | 
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THRU ftom OUTPUT VALID CHECK WORD OUTPUT SYNDROME CODE 
Ree ; CHECK WORD _, S77 , Lid; 
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{ = 
$a —>} K— tra — ol 
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VERIFY PROPER OPERATION OF ERR FLAG, FLAG SHOULD BE LOW 


VERIFY PROPER OPERATION OF ERR FLAG 
(FL WITH A DIAGNOSTIC DATA WORD WITH A SINGLE ERROR 


FLAG SHOULD BE HIGH) 


VERIFY PROPER OPERATION OF MERR FLAG, FLAG SHOULD BE LOW 


VERIFY PROPER OPERATION OF MERR FLAG ’ 
( WITH A DIAGNOSTIC DATA WORD WITH A DOUBLE ERROR 


FLAG SHOULD BE HIGH) 


Figure 4-7. Diagnostic Mode Timing Diagram 


4.2.2.7 16-Bit Systems Using the ‘ALS632B Series EDACs 

The ‘ALS632B series EDACs can reduce the memory size required in 16-bit systems 
where conventional 16-bit EDACs (6 check bits, 16 data bits) are presently used. 
Figure 4-8 shows the typical system architecture for the 16-bit EDAC. In this system, 
88 devices would be required for the 22-bit x 256K-byte memory array, assuming 
64K-byte DRAMs are used. It is easy to see that 27.3%, or 24 devices, are required 
for storing the check bits. When using the ‘ALS632B series EDACs, the memory 
required for the check bits can be reduced to 17.9%, or only 14 devices. This reduces 
the total number of DRAMs required by 10 devices. Figure 4-9 shows the architecture 
using the 32-bit EDAC. The four ‘LS646s are used to group two 16-bit data words 
into one 32-bit data word. In addition, this type of system can be used in byte-write 
operations where the other system cannot. 


MEMORY 
22-BIT WIDE BY 256K DEEP 


. MEMORY FOR 
CHECK-BITS 
6 X4 (64K DRAMs) 


NORMAL 16-BIT 
MEMORY 
16 X 4 (64K DRAMs) 


TOTAL MEMORY: 88 DEVICES 
Figure 4-8. 16-Bit System Using Conventional 16-Bit EDAC 
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MEMORY 
39-BIT WIDE BY 256K DEEP 


‘ALS632B 
SERIES 


MEMORY FOR 
CHECK-BITS 
7 X 2 (64K DRAMs) 


32-BIT 
MEMORY 
32 X 2 (64K DRAMs) 


TOTAL MEMORY: 78 DEVICES 


Figure 4-9. 16-Bit System Using 32-Bit EDAC 
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5 First-In First-Out Memories (FIFO) 


5.1 High-Speed Bus Coupling Considerations - FIFO Memory Buffers 


5.1.1 


Introduction 


High-speed First-In-First-Out (FIFO) memory buffers are becoming very important tools 
for those system design engineers looking for innovative ways to increase system 
performance. Texas Instruments (TI) ‘brought you the first monolithic FIFO 
(SN74S225). But many of present day systems require more than the SN74S225 
can provide. To meet the needs of those systems, Tl has designed an enhanced family 
of IMPACT™ Bipolar and EPIC’ CMOS FIFO products. Table 5-1 lists some typical 
applications, key requirements, and the Tl FIFO available to meet those needs. 


Table 5-1. FIFO Applications 


APPLICATION KEY REQUIREMENTS FIFO PRODUCTS 


CPU Buffering 'LS222/224/227/228 
Word width/depth ‘ALS229A/232A/233A 
Zero fall-through ‘ALS2232/2233/2234 


Peripheral 1/O Deep/fast ‘ALS234/235/236 
Data-path synchronization ‘ALS2232/2233/2234 
Status flags TACT7202 

TACT2202 


‘ALS229A/232A/233A 
‘ALS234/235/236 
‘ALS2232/2233/2234 


Data/Telecom ‘ Low power/large depth TACT7202 
Status flags TACT2202 


This report explains how a Tl FIFO can help boost your system performance by 
maximizing data transfer rates, handling large data streams, or matching different 
transfer rates. It will also define FIFO architectures and the details of the design 
considerations needed. 


Data rate of processor 


Data Acquisition High data rate 


A FIFO is a dual-port buffer memory that is organized in a manner that the first data 
entered into the memory is the first removed. One port is the input, where the data 
‘‘producer’’ enters words into the buffer. The other port is the output, where the data 
‘‘consumer’’ removes words. Data in the buffer cannot be randomly addressed like 
a RAM. A FIFO operates much like a line of people at a checkout counter. 


There are two major architectures used in single-chip FIFO; toggle fall-through and 
zero fall-through. 


5.1.2 Toggle Fall-Through Architecture 


The toggle fall-through type of FIFO consists of an array of registers. Figure 5-1 
illustrates this architecture for an M-word by N-bit FIFO. The output of each register 
is connected to the input of the following register in a chain-like fashion. Data is input 
to the first register and is removed from the last register. As each word is input into 
the FIFO, internal control logic toggles the word through the series of registers to 
the last one available. As each word is output from the FIFO, all the words are shifted 
down one register. 


EPIC is a trademark of Texas Instruments Incorporated 
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INPUT DATA 
| «FIRST 

REGISTER 
| SECOND 
REGISTER 


SHIFT-IN 


INPUT 
CONTROL 


INPUT RDY 


ARRAY 
CONTROL 


OUTPUT 


SHIFT-OUT : CONTROL 


SMe Fs 
REGISTER 


OUTPUT DATA 


OUTPUT RDY 


Figure 5-1. Toggle Fall-Through FIFO (M words by N bits) 


A toggle fall-through FIFO is described by the number of words in depth, number of 
bits in width, maximum input and output clocking rates, and fall-through time. The 
fall-through time is the maximum delay eae for a word to travel from the input 
to the output in an empty FIFO. The complement to this specification is the bubble- 
through time or the delay it takes for all words to ripple down one register after a 
word has been read from a full FIFO. However, these two specifications are roughly 
equivalent so only the greater value is included in the data sheet. 


Tl offers several toggle fall-through FIFO products. The SN74S225 is a 16 x 5, 
10 MHz FIFO. It has 3-state outputs and is cascadable in depth. The SN74ALS234 
isa 16 x 4, 30 MHz, cascadable FIFO with 3-state outputs. The SN74ALS235 is 
a16 x 5, 25 MHz, cascadable FIFO. It has 3-state outputs and includes half-full and 
almost full/empty flags. The SN74ALS236 is a bi-state version of the SN74ALS234. 


5.1.3 Zero Fall-Through Architecture 
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The zero fall-through type of FIFO consists of a dual-port RAM with read and write 
address pointers. Figure 5-2 illustrates this architecture for an M-word by N-bit FIFO. 
Data is input to the word addressed by the write pointer and data is output from the 
word addressed by the read pointer. Upon reset, both pointers are cleared to a value 
of zero. After each word is read or written, the respective pointer is incremented by 
one. Internal comparison logic is used to generate condition flags such as full and 
to prevent overrun and under-run (too much writing and too much reading of data). 


DATA INPUT 


D 
SHIFT-IN 


DUAL-PORT 


RAM OA 


M-WORDS 


O FLAGS 


COMPARE 
LOGIC 
DATA OUTPUT 


Figure 5-2. Zero Fall-Through FIFO (M words by N bits) 


A zero fall-through FIFO is described in terms similar to the toggle products. However, 
the fall-through time now consists of the delay for- incrementing the pointer and 
comparing the new pointer values. This time is roughly equivalent to the time between 
shift clocks for the input and the output, or “‘zero’’. In many applications zero fall- 
through FIFOs are preferred to toggle FIFOs for this reason. 


Tl offers several zero fall-through FIFO products. The SN74LS222 and SN74LS224 
are 16 x 4, 10-MHz FIFOs with 3-state outputs. The SN74LS227 and SN74LS228 
are open-collector versions of the SN74LS222 and SN74LS224. The SN74ALS229A 
isa 16 x 5, 30-MHz, 3-state FIFO. It has 4 flags: full, empty, full — 2, and empty 
+ 2. The SN74ALS232A is a 16 x 4, 30-MHz, 3-state FIFO with full and empty 
flags. The SN74ALS233,A is a version of the SN74ALS229A with full — 1 and empty 
+ 1 flags instead of the full — 2 and empty + 2. 


The SN74ALS2232 is a 64 x 8, 40-MHz FIFO with 3-state outputs and both full 
and empty flags. The SN74ALS2233 is a64 x 9, 40-MHz FIFO with 3-state outputs 
and four flags: full, empty, almost full/empty, and half full. The SN74ALS22X*x is a 
64 x 9, 40-MHz, cascadable FIFO with 3-state outputs and both full and empty flags. 
The TACT7202 isa 1K x 9, 16-MHz cascadable FIFO with full and empty flags. The 
TACT2202 is a 1K x 8, 16-MHz FIFO with full and empty flags. 


5.1.4 Buffering Design Considerations 


A FIFO can be used as a buffer between two communication devices. In buffering 
applications where the delay from input to output is not critical (e.g., CPU to printer) 
either a toggle or zero fall-through FIFO can be used. In this instance, only the input 
and output clocking rates and the depth of the FIFO are critical. In buffering applications 
where the fall-through delay is important (e.g.; bus interface) then the zero fall-through 
architecture should be used. 


The rare case for FIFO operation is when the consumer is faster than the producer. 
A FIFO depth of one word would suffice. The other situation (see Figure 5-3) requires 


more words. 
X MHz Y MHz 
PRODUCER ro | 


Figure 5-3. Buffering Application 
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The following equations can be used, to determine the depth needed. If the data 
producer writes a frame of (L) words at a rate of (X) MHz and the data consumer 
reads words at a rate of (Y) MHz, the resulting equations are: 


1. L © 1/X + (BUFFER DELAY) = L # 1/Y 

MAX (BUFFER DELAY) = DEPTH ® 1/X 

MAX (L) © 1/X + DEPTH ® 1/X = MAX (L) ® 1/Y 
DEPTH @ 1/X = MAX (L) ® (1/Y — 1/X) 

DEPTH = MAX (L) @ (X/Y — 1) 


For example, with L = 100 words maximum, X = 8 MHz, and Y = 5 MHz, the 
necessary depth = 60 words. In this case, a 64-word FIFO would suffice. 


SF ee. 


The reverse of equation 5 gives the maximum length of a frame for a given FIFO 
depth: 


1 
6. MAX (lL). =. DEPTH: ——-———— 
(X/¥ = -d) 


For example, with depth = 64, X = 1 MHz, and Y = 0.8 MHz, the maximum length 
of a frame = 256 words. 


5.1.5 Synchronization Design Considerations 
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In synchronizing applications, the data producer and consumer can operate 
continuously but asynchronously. The maximum throughput of the FIFO depends on 
both the clock rate at each port (Fin and Foyt) and the fall-through time (TF). (fmax) 
is derived from the maximum one-word time delay through the FIFO. The equations are: 


1 
7. MAXIMUM DELAY = — + TF 
is baad 


8. 


1 1 
ne erage eS 
fmax Fin 


1 
1/Fin “3 1£ 
For a toggle fall-through FIFO in these conditions fmax is considerably less than 
Fin. For example, if Fi; = 30 MHz and TF = 1000 ns, then fmax = 967 KHz. 
For a zero fall-through FIFO, fmax approaches Fin. For example, if Fin = 35 MHz 


and TF = 40ns, then fmax = 14.6 MHz. To ensure only a single-clock delay from 
the input and to output ports, the FIFO must be clocked at a rate less than fmax. 


9. fmax = 


The FIFO may be operated at higher rates by working near the half-full condition. 
The number of words that can be written into an empty FIFO in the fall-through 
time (or read from a full FIFO) determines the margins from the empty condition 
for operating the FIFO at its maximum rate (Fin). The numbers correspond to: 


Fin 

1/TF 
For example, if Fi, = 30 MHz and TF = 1000 ns, then the margin = 30 words. 
For a 64-word FIFO this would mean that the FIFO could be operated at its maximum 


throughput rate (Fjn) when it is between 30 words and 64 words full. Figure 5-4 
shows the throughput curve for this type FIFO. 


10. MARGIN = 


5.1.6 Summary 


30 


30 MHz 
1000 ns 


20 


10 


Fmax —Maximum Frequency —MHz 


0 30 64 
FIFO Words 


Figure 5-4. Throughput Curve for 64-Word, 30-MHz FIFO 


In general, cascading N FIFOs in depth causes equations 9 and 10 to change to: 
1 


1: tras, = Se 
max Fin + N © Tp) 
Fin 
12. MARGIN = ————— 
1/(N © TR) 


FIFOs are versatile building blocks for the design of data communication products. 
The need for buffering and/or synchronization of data can be met by selecting the 
appropriately-sized toggle or zero fall-through FIFO using the methods presented in 
this report. Tl produces many different single-chip FIFO products for a wide range 
of applications. Contact your local Tl representative to obtain individual FIFO data 
sheets for further information about a particular product. 
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6 BiCMOS 


6.1 


6.1.1 


BiCMOS Memory Drivers Boost Performance 


In current memory management systems, the replacement of discrete logic with single- 
chip solutions for DRAM control, Error Detection and Correction, and Cache Tag control 
has greatly improved memory access times. However, in large MOS memory 
applications the use of external drivers in conjunction with the memory management 
products can provide added drive to maintain maximum performance. These drivers 
must meet the requirements of high drive for high capacitive loads, high speed for 
maximum system throughput, and low power for system power constraints. The 
designer can now meet these needs with the TI 2000 series Bus Interface devices 
with improved performance and reliability. The devices offered in new BiCMOS, ’AS, 
and ‘ALS technologies provide designers with the characteristics needed to drive the 
high capacitive loads in MOS memory and bus-intensive systems while reducing 
undershoot for reliable system performance. 


Reducing Undershoot Problems 


In order to maintain maximum system throughput, memory drivers require high-speed 
operation with very fast switching speeds. As a result, these switching speeds 
together with the high inductance and capacitance in bus intensive environments can 
create problems with output signal undershoot and overshoot. This undershoot and 
overshoot can cause system reliability problems such as false reads at the input to 
DRAMs. Commonly, these problems with undershoot and overshoot are controlled 
with an external series resistor, which increases package count and board space. The 
2000 series devices provide on-chip 25-Q series damping resistors on all outputs to 
reduce undershoot and overshoot without adding to board real estate. Figure 6-1 
compares the initial undershoot of the ‘AS640 and the ‘AS2640 with on-chip series 
damping resistors. The ‘AS2640 can reduce initial undershoot by 58% thus supplying 
a more reliable input to systems susceptible to undershoot problems. 


SN74AS2640 
SN74AS640 


Figure 6-1. Effect of On-Chip Series Output Resistors 


1 VOLT/DIV 
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6.1.2 BiCMOS Drivers Match MOS Memory Needs 


The 2000 series devices offered in the new Tl BiCMOS technology provide the 
advantages of both bipolar and CMOS. BiCMOS combines 2-4M IMPACT™ bipolar 
with 1.5-u4M CMOS to provide the high drive and speeds of bipolar and the low power 
of CMOS. These interface devices have TTL input and output transistors with CMOS 
internal circuits. The output transistors supply 48/64 mA of drive current necessary 
for bus structures such as VME and MULTIBUS Il, while the CMOS internal circuits 
provide low power during disabled or 3-state operation. As with all 2000 series 
devices, the BiCMOS parts have series damping resistors to reduce undershoot and 
overshoot. 


The BiCMOS drivers can provide the drive and speed necessary in MOS memory 
applications with a power savings over bipolar devices. Figure 6-2 shows a 4-M word 
x 32-bit memory configuration consisting of a SN74ALS6301 Dynamic Memory 
Controller (DMC), a SN74BCT2828 Memory Driver and 4-M words of memory 
comprised of four banks of TMS4C1024 DRAMs. Each SN74ALS6301 can control 
up to 4M words of memory. The memory driver provides extra drive to maintain 
maximum performance in a 32-bit system. 


TMS4C 1024 
SN74ALS6301 SN74BCT2828 
DYNAMIC 
|_| + MEMORY 
MEMORY 
CONTROLLER Spa 
ADDRESS 


RAS 


MEMORY 
TIMING 
CONTROLLER 


DATA BUS 


Figure 6-2. 4M Word x 32-Bit Memory System 


6.1.3. BiCMOS Lowers Power by 50% or More 
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When comparing the performance of the SN74BCT 2828 to the functionally equivalent 
AM29828, there is a considerable power reduction. As shown below, there is a 50% 
reduction in supply current while enabled. However, the real savings comes from the 
disabled operation. There is more than a 95% supply current reduction while disabled. 
Since the amount of time a driver is enabled varies with each system, power reduction 
will vary with the minimum being 50% improvement. 


AM29828 _ ‘BCT2828 
Icc enabled 80 mA 40 mA 
Icc disabled 80 mA 3 mA 


In applications that involve multiple drivers the power savings is even more apparent. 
For example, if a system requires five drivers with only one enabled at any given time, 
the AM29828 would use almost 8 times more current then the SN74BCT2828. 


-AM29828 ‘BCT2828 
Icc enabled 1 x 80 mA 1x 40mA 
icc disabled 4 x 80mA 4x 3mA 
Total 400 mA 52 mA 


Result = 87% power savings 


6.1.4 Less Undershoot Means Higher Reliability | 


The use of the 2000 series BICMOS drivers also provides the reduced undershoot 
to prevent false reads at the inputs to the DRAMs without the addition of external 
resistors. Figure 6-3 shows the improvement of initial undershoot of the 
SN74BCT2828 compared with the AM29828. The SN74BCT 2828 undershoot is 40% 
less than the AM29828 providing a more reliable signal with the same package count. 


40% REDUCTION OF INITIAL UNDERSHOOT 


BCT2828 


1 VOLT/DIV 


Figure 6-3. Initial Undershoot Comparison of 74BCT2828 vs AM2928 


6.1.5 How Do ! Get More Information 


Each of the 2000 Bus Interface series devices provide the designer with reliable signals 
without increasing package count and board real estate. The high drive and speed 
complement Memory Management products for use in large memory and bus 
applications. The onset of BiCMOS also brings a tremendous power savings which 
can be appreciated in all designs. Below is a listing of the 2000 series offered. For 
more information on these Bus Interface and Memory Management products, contact 
your local Texas Instruments field sales representative or authorized distributor. 
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Device 
‘BCT2240 
‘BCT2241 
‘BCT2244 
‘BCT2540 
‘BCT2541 
‘BCT2827 
‘BCT2828 
‘ALS2240 
‘ALS2242 
‘ALS2244 
‘ALS2540 
‘ALS2541 
‘AS2620 
‘AS2623 
‘AS2640 
‘AS2645_ 


6.2 BiCMOS Bus Interface 


6.2.1 


6.2.2 


6.2.3 Reduction of Supply Current Demand Without Sacrificing Performance 

The combination of bipolar and CMOS components makes the power savings a reality 
without sacrificing required output drive current or speed performance. An examination 
of bus-interface logic in system operation reveals that the device is either enabled 
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Abstract 


Bipolar and CMOS processes have their individual advantages. The advantages of 
bipolar are speed and output drive current capability. The advantage of CMOS is 
significantly lower power consumption with continually improving speed performance. 
The merge of the two processes in order to use their individual advantages for optimal 


Description 
Octal Buffer/Driver 
Octal Buffer/Driver 
Octal Buffer/Driver 
Octal Buffer/Driver 
Octal Buffer/Driver 
10-bit Buffer/Driver 
10-bit Buffer/Driver 
Octal Buffer/Driver 
Octal Transceiver 
Octal Buffer/Driver 
Octal Buffer/Driver 
Octal Buffer/Driver 
Octal Transceiver 
Octal Transceiver 
Octal Transceiver 
Octal Transceiver 


Output 
Inverting 
True 
True 
Inverting 
True 
True 
Inverting 
inverting 
inverting 
True 
Inverting 
True 
inverting 
True 
Inverting 
True 


lot (mA) 
35 
35 
35 
35 
35 
12 
12 
15 
30 
30 
30 
30 
35 
35 
35 
35 


product development was therefore a predictable technology transition. 


This portion of this report concerns the use of such a process, BiCMOS, and the 
advantages provided in bus-interface logic. Ultimately, the system advantage gained 
from the use of BICMOS bus interface logic results in a 25% reduction of total system 


power. 


Introduction 


Bus-interface logic requires very high output-drive currents of 48/64 mA. These 
currents are required to drive high-capacitive loads and backplanes and to meet the 
required specifications of established standards. Advanced speed performance is also 
a necessity to allow the rapid transfer of information and to complement the 
performance of other system components. 


Excessive power consumption was the tradeoff that system designers were forced 
to accept to achieve the desired output-drive current and speed performance. In an 
average system, 30% of the total device supply current is required to support the 
bus interface logic. The use of BiCMOS bus-interface logic can reduce the required 
device supply current by more than 90%. This results in an overall system power 


savings of more than 25%. 


(active) or disabled. Since in bus configurations only one device is active at any given 
time, the remaining devices tied to the bus are disabled. Therefore, for the majority 
of the time, devices tied to the bus are in a disabled mode. Further evaluation reveals 


that the currently available bipolar devices that are capable of meeting 


the 


specifications required for bus-interface logic require supply currents ranging from 


75 mA to 160 mA per device depending upon the function. 


BiCMOS requires approximately 10 mA maximum (ICCzZ) when disabled and further 
reduces the active supply current demand by approximately 50% compared to 


equivalent bipolar devices. Table 6-1 is a comparison of the SN74BCT29861 


and 


AM29861 supply currents. Figure 6-4 illustrates typical switching performance and 


disabled supply current demand between the two devices. 


Table 6-1. SN74BCT29861/AM29861 icc Comparison 


SN74BCT29861 
lcc Supply current Enable 30 mA (Max) 
(VCC = 5.5 V @ 70°C) Disable 7 mA (Max) 


AM29861 
Tec Supply current 150 mA (Max) 
(Vcc = 5.5 V @ 70°C) 


tAdvanced Micro’ Devices Bipolar Microprocessor Logic and 
Interface 1985 Data Book. No breakout given for enable or disable 


ec. 


Vcc = 5V 
Ta = 25°C 
CL. = 50 pF 


SN74BCT29861 AM29861 
® & 


OoxeprnWannOO Oo 


0 20 40 60 80 100 120 140 160 180 
iccz—Required Offstate Current (Maximum)—mA 


Figure 6-4. SN74BCT29861 and AM29861 Required Off-State Current 
vs Average Propagation Delay 


tpd— Average Propagation Delay —ns 


To highlight the system power savings advantage exhibited by BICMOS bus-interface 
products, see the conditions in Figure 6-5. Assuming a bus network contains a fanout 
of ten bus interface devices, Figure 6-5 illustrates that only one device is enabled, 


while the other nine are disabled. 
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BUS 


Figure 6-5. Bus Network 


Assumption: 

Advanced 

Bipolar BiCMOS 
ICC (Enable) 150 mA 30 mA 
ICCZ (Disable) 150 mA 10 mA 

Advanced Bipolar 
ICC (Enable) 1 x 150 mA = 150 mA 
ICCZ (Disable) 9 x 150 mA = 1350 mA 
ICC (Total) 1500 mA 
BiCMOS 

ICC (Enable) 1 x 30 mA = 30 mA> 
ICCZ (Disable) 9 x 7mA = 63 mA 
ICC (Total) 93 mA 


Result: 94% power savings. 


6.2.4 Combinational Bipolar and CMOS Optimal Process Solution 
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BiCMOS bus-interface logic is a TTL-to-TTL interface product that provides the optimal 
combination of speed performance, output drive, and low power. To achieve these 
characteristics, Tl combines 2-um bipolar IMPACT™ (Implanted Advanced Composed 
Technology) process with 1.5-~m CMOS process is shown in Figure 6-6. 


The bipolar process provides output transistors capable of supplying the required 
48/64 mA. The transistors also use the smaller TTL voltage swings of —0.5 V- 
to—3.5 V as compared to their rail-to-rail or GND-to-VCcc voltage swings that are 
associated with CMOS transistors. The smaller voltage swings associated with TTL 
outputs reduce the overall effect of transient voltage noise on the ground pins. 
Excessive noise spikes can be detrimental to reliable system performance due to output 
glitching, loss of stored data, increase of system noise, etc. 


—— er — CHAN ee 


7p Bes Peypes peal} Peaype she 


Figure 6-6. BiCMOS Process 


The following equation is a simple method of calculating the induced voltage on the 
ground and VCC pins due to transient currents caused by switching capacitive loads. 


VL(t) Lec bi 
t) = - con eetares 
L P&L dt? 
Where: VLit) = Voltage transient 
Lp = Package inductance 
Ci = Load capacitance 
d?Vo(t) = Change in the slope of the transition edge 
dt = Transition edge time 


Since Lp, CL, and dt are the same, the amount of voltage level transition swing is 
the only difference between the bipolar and CMOS transistors. Since CMOS transistors 
require a wider voltage swing, it becomes apparent that a CMOS output transistor 


will produce a larger amount of voltage noise that, if excessive, could cause system 


reliability problems. 


The CMOS process provides a disable circuit that consumes considerably less current 
than a pure bipolar circuit. Figure 6-7 illustrates how the CMOS components combine 
with the bipolar components to interrupt the flow of supply current during the disable 
mode or three state. The remaining internal components are also fabricated from 
CMOS which further reduces the required amount of supply current. 


Both the bipolar and CMOS processes provide the capability to adequately meet the 
advanced speed performance required for bus interface. 


Vcc 


ENABLE 
CONTROL 


OUTPUT 


@ DURING OPERATION: A SHORTED, B OPEN 
@ DURING THREE-STATE: A OPEN, B SHORTED 


Figure 6-7. BiCMOS Three-State Gate Schematic 
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6.2.5 Variety of Functional Options in Two-Package Configurations 
Additional design support for bus-interface logic is the availability of popular functions 
in multiple variation such as true or inverting outputs and synchronous or asynchronous 
operation. BiCMOS will be offered with two pinout options; 1) The traditional pinout 
for pin-to-pin compatibility with existing bipolar devices. 2) Flow through architecture 
with center power pins to further reduce the voltage noise associated with multiple 


6.2.6 Summary 
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output switching. 


As indicated by the V(t) equation, the amount of switching noise can be reduced 
through a decrease in the package inductance. | 


The functional options that will be available in BiCMOS are as follows: 


FUNCTION 
‘240 Series 
‘245 Series 
‘373 Series 
‘543 Series 
‘646 Series 
‘2000 Series 
‘29818/819 
‘29820 Series 
‘29830 Series 
‘29840 Series 
‘29850 Series 
‘29860 Series 


DESCRIPTION 
Octal Buffers/Drivers 
Octal Transceivers 
Octal Latches 
Octal Registered Transceivers 
Octal Registered Transceivers 
Memory Drivers 
Pipeline Registers 
8-10 Bit Buffers and Registers 
Bidirectional Parity Transceivers 
8-10 Bit Latches and D-Latches 
Bidirectional Parity Transceivers with Latches 
9-10 Bit Transceivers 


BiCMOS bus-interface logic is a TTL-to-TTL product that provides a 95% reduction 
in standby current demand. This results in a 25% total system power savings without 
sacrificing high output drive or speed performance. 


System Solutions for 
Static Column Decode 


Robert K. Breuninger, Loren Schiele, 
and Joshua K. Peprah 


wy 


TEXAS 
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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. Tl advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 


Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
such testing necessary to support this warranty. Unless mandated 
by government requirements, specific testing of all parameters of each 
device is not necessarily performed. 


In the absence of written agreement to the contrary, Tl assumes no 
liability for Tl applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 


Copyright © 1987, Texas Instruments Incorporated 
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INTRODUCTION 


The new 32-bit microprocessors are capable of addressing 
4G bytes of physical memory and typically feature clock 
frequencies greater than 16 Mhz. However, clock speed 
alone does not guarantee increased system performance; if 
the processor must wait for data, then memory bandwidth 
will be the limiting factor. 

This situation exists between today’s microprocessors 
and the access times of affordable DRAMs. One solution to 
optimizing system performance is to mix and match memory, 
using lower cost dynamic RAM in conjunction with fast, 
more expensive static RAM caches. However, this approach 
is only attractive to high end systems where cost and board 
space is a less significant factor. 

Another approach to improving system performance 
is to utilize the new accessing modes available on certain 
1 meg DRAMs, such as static column decode. This method 
does not improve system performance as much as caches, 
but it does involve less hardware, resulting in lower system 
cost. This approach can also be used in systems already using 
caches, further improving system performance. 

This application note describes the theory of using static 
column decode and also describes how it might be 
implemented in a typical system. In addition, it highlights 
three new products from Texas Instruments. The 


—_ AAS ————_$_$_$§_§_ tw P —_—_— ________________—___ >| 


SN74ALS6300 ‘‘Selectable Refresh Timer’’, the 


SN74ALS6310 ‘‘Static Column Access Detector’’, and the 


TIBPSG507 ‘Programmable Sequence Generator’’. 


STATIC COLUMN DECODE 


The TMS4C1027 is a 1,048,576-bit x 1 dynamic 
RAM featuring static column decode. Static column decode 
allows high-speed read and write operations by reducing the 
number of required signal setup, hold, and transition timings. 
This is achieved by first strobing the row and column 
addresses in the normal manner by taking RAS and CAS low. 
If RAS and CAS are kept low, new data can be accessed 
by simply changing the column addresses, assuming the new 
address is in the same row. If the new address is not in the 
same row, then a normal access cycle must be performed. 

Figure 1 is a timing diagram taken from the 
TMS4C1027 datasheet showing static column decode mode 
read cycle timing. 

If the assumption is made that the majority of memory 
references tend to be sequential, which is a similar 
assumption made when using caches, then it is logical to 
assume that a large percentage of memory accesses will be 
within the same row. The trick is how to implement a timing 
controller which will take full advantage of the static column 
mode of operation. 
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Figure 1. Static Column Decode Mode Read Cycle Timing 
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Figure 2. 68020 Static Column Memory Controller 


TYPICAL MEMORY CONTROLLER 


Figure 2 shows a block diagram of a memory system 
utilizing static column decode. The ALS6310 is a new circuit 
offered by Texas Instruments which detects if the present 
row being accessed is the same as last row accessed. This 
is the fundamental requirement for implementing static 
column decode. Note that the row addresses from the 68020 
are used as the most significant bits (A10-A19) and the 
column addresses are used as the least significant bits 
(A0-A9). Figure 3 shows a block diagram of the ALS6310. 

In circuit operation, when address strobe (AS) from 
the 68020 is taken low, the present row (A10-A19) and bank 
address (BO, B1) is clocked into the first register of the 
ALS6310. The previous bank and row address, stored in the 
first register, is clocked into the second register at the same 
time. The two addresses are then compared to see if they 
are equal. If they are equal, the high speed access output 
(HSA) will be logically low. If not, HSA will be high. 

The function of the PSG507 is to generate the required 
memory timing control signals (RAS, CAS, etc.) for the 
ALS6301 dynamic memory controller. The ALS6301 is 
responsible for multiplexing row and column addresses into 
DRAM. The ALS6301 is also capable of driving 4 banks 
of 1M-byte memory. 


CLKEN 
CLK 


PRESENT ADDRESS 
REGISTER 


A0-A9 


4x 
[BANK] 


BO-B3 


Figure 3. 


Supporting the PSG507 is the ALS6300 refresh timer. 
This device is responsible for generating a refresh request 
signal (REFREQ) every 15.5 ys. The input select lines are 
hardwired to match the microprocessor clock frequency. The 
refresh complete input (RFC), resets the REFREQ signal 
after the timing controller completes the refresh cycle. 


TIMING CONTROLLER DETAILS 


Figure 4 shows a typical flow chart for implementing 
static column decode. As stated before, the PSG507 is 
responsible for implementing the flow chart shown in 
Figure 4. A breakdown of this flow chart reveals 9 states 
(STO-ST8), associated with 5 different sequences. States STO, 
ST1, ST3, and ST4 are holding and transition states, leading 
into the various sequences. The five possible sequences are 
listed below. 

ST2 Normal Access Sequence 
ST5 Extended Access Sequence 
ST6 High-Speed Access Sequence 
ST7 Normal Refresh Sequence 
ST8 Extended Refresh Sequence 

Notice that the HSA signal from the ALS6310 decides 
if the timing controller will execute STS, the Extended Access 
Sequence, or ST6, the High-Speed Access Sequence. A brief 
description of each sequence follows. 


PREVIOUS ADDRESS 
REGISTER 


ALS6310 Static Column Page Mode Access Detector 
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INITALIZE 


HOLDING STATE 
STO, CNTO 


ACCESS REQUEST - 
AS =H 
ST1, CNTO 
MEMORY ACCESS 


iO/M = L 


NORMAL REFRESH CYCLE 
ST7, CNTO-CNT6 


ACCESS GRANT CYCLE 
ST7, CNT7-CNT14 


NORMAL ACCESS CYCLE 
ST2, CNTO-CNT5 


HOLDING STATE 
(RASI, CASI = L) 
ST3, CNTO 


NO EXTENDED REFRESH 
ST8, CNTO-CNT3 


ACCESS REQUEST 


YES 
ST4, CNTO 
MEMORY ACCESS 


1O/M =L 


YES 


ST4, CNT1 


HIGH-SPEED ACCESS EXTENDED ACCESS 
ST6, CNT2-CNT4 ST5, CNT2-CNT10 


Figure 4. Timing Controller Flowchart 


NORMAL ACCESS SEQUENCE 


The normal access sequence is shown in Figure 5. This 
sequence begins by executing a normal RAS/CAS cycle. 
Notice that a wait state of one clock cycle is needed to 
guarantee that data is valid for the 68020. This is the problem 
mentioned in the introduction; if all access cycles had to be 
performed in this manner, then the processor would face a 
wait state every access cycle. As will be shown later, this 
wait state can be eliminated if the next address is from the 
same row. Peas 

Notice also, at the end of this sequence, the RAS and 
CAS output signals are left active low. Here we are making 
the assumption that the next access cycle will be a high-speed 
access. We will not know if this assumption is true until the 
next address is presented by the 68020. At that time, the 
ALS6310 will signal the timing controller if it can execute 
a high-speed access. 


HIGH-SPEED ACCESS SEQUENCE 


For a high-speed access sequence to be executed, two 
conditions must be met. The RAS and CAS inputs must 
already be low, and secondly, the static column access 
detector must be indicating the present row is the same as 
the last row (HSA = L). The bank addresses must also be 
unchanged as detected by the ALS6310. 

Figure 6 shows the timing diagram for the high-speed 
access sequence. Notice that no wait states are required. If 
the assumption is made that the majority of memory 
references are sequential, then this sequence will be the one 
typically used. In other words, this sequence is similar to 
accessing data from a static RAM, or just like taking data 
from cache. 


STO ST1 ST2 ST2 ST2 ST2 ST2 ST2 ST3 
CNTO CNTO CNTO CNT1 CNT2 CNT3 CNT4 CNT5 CNTO 
ONG ae ae LP Le ON TS a eee 
t 


1 

SYS CLK o_o eo roo er 
l 
| 


I 
ce | 
| #———>-TA (C) | 


0-03 9) —___$$_$_$?[?Tp?______ ER ORT 


1 
¢—TA (CA)—»! 


Gene ee PRR IES Se Ebb EE 


Figure 5. Normal Access Cycle 
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ST3 ST4 ST4 ST6 ST6 ST6 ST3 
CNTO CNTO CNT1 CNT2 CNT3 CNT4 CNTO 


| 
| 
so S1.: S2 | $3 S4 S5 so $1 


ADX \A\\ANANAAAY) WASASANAS 


MADR \\A\AAAANAAAAANA AAAS 


le—TA (C)—» 


| 
Q0-031 RARARULARLARLERERERRERRERY, VALID MEMORY DATA 


Figure 6. High-Speed Access Cycle 


EXTENDED ACCESS SEQUENCE 


The extended access sequence is executed if the 
ALS6310 detects a difference between the present, and last 
row addresses.. This cycle is called extended because RAS 
and CAS are presently low and both must be brought high to 
strobe in the new row and column addresses. The precharge 
time of the DRAM has to be met before taking RAS and CAS 
low. From the timing diagram in Figure 7, it can be seen 


* that wait states of three clock cycles are generated when 


executing this timing sequence. 

In systems where sequential data is not the general rule, 
it would be more efficient to execute only normal access 
sequences, since this generates fewer wait states. The system 
designer must understand what type of memory accesses will 
be used. For example, the designer may want only to enter 
the high-speed access portion of the flow chart when the 
system is performing DMA access cycles. 
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NORMAL/EXTENDED REFRESH SEQUENCES 


Figures 8 and 9 show the timing diagrams for the 
normal and extended refresh sequences. The refresh sequence 
selected is a function of the present condition of RAS and 
CAS. If RAS and CAS are presently low, an extended refresh 
cycle is performed. If RAS and CAS are presently high, a 
normal refresh cycle is executed. At the end of each refresh 
sequence, the controller checks to see if an access request 
has been generated. If there has been an access request, the 
controller will perform an access grant sequence at the end 
of the refresh cycle before returning to normal process flow. 

Referring back to Figure 1, there is a maximum time 
that RAS and CAS can be held low, ty(RL)P. For the 
TMS4C 1027, tw(RL)P must not exceed 100 ps. Since our 
refresh timer forces a refresh cycle every 15.5 ys, ty(RL)P 
cannot be violated. If the designer chooses to use a different 
refresh scheme, then ty(RL)P must be considered. 


LLL-6 


ST3 ST4 ST4 ST5 ST5 ST5 ST5 ST5 ST5 ST5 ST5 ST5 ST3 
CNTO CNTO CNT1 CNT2 CNT3 CNT4 CNT5 CNT6 CNT7 CNT8 CNT9 CNT10 CNTO 


| 
SO $1 $2 Sw sw sw sw Sw Sw $3 S4 $5 
SYS CLK 7 
| 


HSA j 


VALID R/W DATA 


I 
| 
| 
RASI PLES STIG aa BUG PMR GD ORAL RRC REE) ie nrc cn are RN AER aOR Loe am od 


x 
=| 


MSEL_ 


CASI | 
! 


| 
MADR A\\A\AAANAAANANAAY COL ADDRESS 
| 


| | 
}¢——_—_-+-TA (C) | 


| 
Po ANAL RRELERUUACELELRRRRURVELRCLR DD ee eA a 


| 
l¢—TA (CA) —> 


DSACK 


Figure 7. Extended Access Cycle 
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STO ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST7 ST3 
CNTO CNTO CNT1 CNT2 CNT3 CNT4 CNT5'~ ,CNT6 CNT7 CNT8 CNT9 CNT10 CNT11 CNT12 CNT13. CNT14 ~ £4CNTO 
Osc 


SO $1 $2 SW SW SW SW SW ; SW SW SW SW SW $3 S4 $5 so 
SYS CLK l 


ADX \\\A\AAY AA 


: | 
7 Go GUBREREEEREREEREERS EEERETLERRTESUEECL UES USS ERE Sen 7 ee RARE CRED ERDEREEE SESS ESE BEEEES LEERERURS 
I 


MADR AA\\AAAAAAAAAAAAY COL ADDRESS 


MSEL RTS NE PNR RSE ER PEM RG NINE SIR Nhs PR ROL LORENA GPRM GEA MCR RMR ONY wc nee eau gear eae tomy: «HC adel al 


Der ye tee ere Seen NSB SAP ST ROEM AST ERD APRIL AERC ery nS SS 


{ 
le—TA (C)—» 


Figure 8. Normal Refresh/Access Grant Cycle 
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ST3 ST8 ST8 ST8 ST8 ST7 ST7 ST7 ST7 ST7 ST7 ST7 STO STO 
CNTO CNTO CNT1 CNT2 CNT3 CNTO CNT1 CNT2 CNT3 CNT4 CNT5 CNT6 CNTO CNTO 


OSes ee Lee ba te, ee ee be ae 1 Ga eae ek es rere od 


SYS CLK ‘Se ag ‘aan ss Pores) RE ae ez SBree has 


ADX 
HSA 
R/W 
OL ar St A i rR RTI 9 GIR I NT Oa aR RY ARGC PTUE LRN RC St A EAPC ML ORNS OEE ak Sok OE payee Re MIRE Ak BE eg 


RASI 


MADR \\AAAAAAANAAAAN AAAS AAAS AAAS AAA AS AAA WAS AS 


MSEL 


Figure 9. Extended Refresh Cycle 
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SOFTWARE SUPPORT 


The PSGS507 is supported by two software packages. 
CUPL which was created by and is supported by Assisted 
Technologies, a division of Personal CAD Systems Inc. and 
ABEL which was created by and is supported by FutureNet 
a division of Data I/O Corp. Both of these software packages 
have been used to reduce equations and to generate the 
fusemap necessary to program the PSGS07. Appendices A 
and B show the ABEL™ and CUPL™ source files for the 
described static column memory timing controller are 
attached to assist the designer in programming the PSG507. 

Since only 54% (43 out of 80) of the PG507’s product 
terms were used in this design, it will be easy to modify or 
add to the sequences used to meet specific system 
requirements. For detailed information on designing with the 
PSG507 see ‘‘A Designer's Guide to the PSG507” 
application report. 
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SUMMARY 


Static column decode offers the system designer a 
method for improving system performance in applications 
where the microprocessor can outperform conventional 
DRAM access times. By utilizing the ALS6310 ‘‘Static 
Column Access Detector’’, the ALS6300 *‘Refresh Timer’’, 
and the TIBPSG507 ‘‘Programmable Sequence Generator’’ 
a high performance memory timing controller can be easily 
developed to take full advantage of static column decode. 


APPENDIX A 
module SCDECODE 
title ‘ABEL EXAMPLE FOR THE STATIC COLUMN DECODER 
JOSH PEPRAH, TEXAS INSTRUMENTS, OCT 29, 1987’ 
DECODE device ‘F507’; 


" Input pin assignments 


OSC pin 1; " OSCILLATOR 

RESET pin 2; " SYSTEM RESET - WHEN LOW 
422 pin 3; " I0/MEMORY - MEMORY ACCESS 
RW pin 4; " READ / WRITE ENABLE 
REFREQ pin 5; " REFRESH REQUEST 

AS pin 6; " ADDR STROBE - ACCESS REQ 
HSA pin 7; " HIGH SPEED ACCESS 

SYSCLK pin 17; " SYSTEM CLOCK - (0SC/2) 


" Output pin and node assignments 
RFC pin 8; RFC r node 47; ™" REFRESH COMPLETE 


RASI pin 9; RASI r node 48; " ROW ADDRESS STROBE 
MSEL pin 10; MSEL r node 49; " MULTIPLEXER SELECT 
CASI pin 11; CASI r node 50; " COLUMN ADDRESS STROBE 
MCl pin 13; MClr node 51; " MODE CONTROL 

W pin 14; Wr node 52; " WRITE 


DSACK pin 15; DSACKr node 53; ™" DATA STROBE ACKNOWLEDGE 


" Internal counter bits & control, and state reg - node declarations 
C0,C1,C2,C3,C4,C5 node 55, 56,57, 58,59, 60; 

SCLRO node 25; 

CNTHOLDO node 28; 

CNTHOLD1 node 29; CNTHOLD1 r node 30; " COUNT/HOLD CONTROL REGISTER 


" Buried state registers - node declarations 


5 Applications Information 


PQ node 31; POr node 39; " STATE REGISTER 
Pl node 32; Plr node 40; " STATE REGISTER 
P2 node 33; P2r node 41; " STATE REGISTER 
P3 node 34; P3r node 42; " STATE REGISTER 
AGREQ node 35; AGREQ r node 43; " ACCESS GRANT REQUEST STATUS REGISTER 


" Set notation is used to represent control, buried state, and output 

" registers. This is done to simplify the equations. The following 

" sets are in the form; register name = [set input, reset input]. Note 
"that the ouput register pin name specifies the set input. 


RFC_ = (RFC, RFC r); 
RAST_ = (RASI, RASI r]; 
MSEL = (MSEL, MSEL r]; 
CASI = (CASI, CASI rJ; 
MC] = (MCl, MCl r); 

W = [W, Wr); 

DSACK_ = (DSACK, DSACK r }; 
AGRE. = [AGREQ, AGREQ_); 
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" Intermediate declarations for simplification. 

"The sets ‘high’ and ‘low’ are used to set or reset the S/R 
"registers. Example: RASI_ := high & RESET; will cause pin 9 
"to go high on the next clock edge if input pin 6 is high. 


high =[{1, 90); 

low = {,. 1); 

COUNT = [C3,C2,C1,C0]; 

STATE = [P3,P2,P1,P0]; " STATE REGISTER SET DEFINED 


Hl, Qk, Xq. 81-0, Cady 
equations 
enable RFC. = 1; "outputs always enabled, pin 17 is only an input 


" Initialization when RESET is low 
[RASI, CASI, RFC, W, AGREQ, DSACK,MC1,SCLRO] := !RESET; 
[MSEL r,P0 r,Pl r,P2 r,P3 r) := !RESET; 


" Counter controls defined 


SCLRO = !RESET 
$ (STATE ==2) & (COUNT==5) 
$ (STATE ==4) & (COUNT==0) & A22 
$ (STATE ==5) & (COUNT==10) 
# (STATE ==6) & (COUNT==4) 
# (STATE ==7) & (COUNT==6) & (A22 # AGREQ) 
# (STATE ==7) & (COUNT==14) 
$ (STATE ==8) & (COUNT==3) ; 
CNTHOLD1 !RESET 
$ (STATE ==2) & (COUNT==5) 
# (STATE ==4) & (COUNT==0) & A22 
# (STATE ==5) & (COUNT==10) 
} (STATE ==6) & (COUNT==4) 
# (STATE ==7) & (COUNT==6) & (A22 # AGREQ) 
¥ (STATE ==7) & (COUNT==14) 
# (STATE ==8) & (COUNT==3) ; 


CNTHOLDI r : 


(STATE ==0) & !REFREQ & RESET 
# (STATE ==1) & !A22 & RESET 
# (STATE ==3) & !REFREQ & RESET 
$ (STATE ==3) & REFREQ & AS & SYSCLK & RESET; 


" Execution of access and refresh sequences 
state diagram STATE 
State 0: " NEXT 
case " STATE 
!RESET GF 
REFREQ & (!AS # !SYSCLK) 0; 
REFREQ & AS & SYSCLK & RESET Rote 
'REFREQ & RESET ST 
endcase; 


" NORMAL ACCESS CYCLE 


State 1: 


State 2: 


"HOLDING STATE 
State 3: 


State 4: 


"EXTENDED ACCESS CYCLE 
State 5: 


case 
(COUNT==0) & !A22 
(COUNT==0) & A22 
endcase; 


RASI_ := (COUNT==0) 
MSEL := (COUNT==1) 
CASI := (COUNT==2) 
DSACK := (COUNT==2) 

H := (COUNT==3) 

H_ := (COUNT==5) 
DSACK := (COUNT==5) 


& low & RESET; 
& high; 
& low & RESET; 
& low & RESET; 
& low & RESET; 
& high; 
& high; 


if (COUNT==5) then 3 else 2; 


case 


(!AS # !SYSCLK) & REFREQ & RESET oa 
REFREQ & AS & SYSCLK & RESET : 4; 


!REFREQ & RESET 
endcase; 


CASI := (COUNT==0) 
RASI_ := (COUNT==0) 
MSEL := (COUNT==0) 
RAS] := (COUNT==1) 
DSACK_ := (COUNT==1) 
MSEL := (COUNT==1) 
CASI := (COUNT==1) 


case 
(COUNT==0) & A22 
(COUNT==0) & !A22 
(COUNT==1) & HSA 
(COUNT==1) & !HSA 
endcase; 


RASI_ := (COUNT==5) 
MSEL := (COUNT==6) 
CASI_ := (COUNT==7) 
DSACK := (COUNT==7) 


W := (COUNT==8) 


& high & A22; 
& high & A22; 
& low & A22; 
& high & HSA; 
& low & !HSA; 
& low & HSA; 
& high & HSA; 


& RESET © : 0: 
& RESET ¢ 4; 
& RESET a 
& RESET +o 


& low & RESET; 

& high & RESET; 

& low & RESET; 

& low & RESET; 

& low & RESET; 


W_ := (COUNT==10) & high; 
DSACK := (COUNT==10) & high; 
if (COUNT==10) & RESET then 3 else 5; 


" NEXT 
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"HIGH SPEED ACCESS 


State 6: 


"NORMAL REFRESH CYCLE 


State 7: 


State 8: 


uoneUOjU] SUOReDIddy 


"EXTENDED REFRESH CYCLE 


W_:= (COUNT==2) & low & RESET; 
W := (COUNT==4) & high; 
DSACK_ := (COUNT==4) & high; 
if (COUNT==4) then 3 else 6; 


AGREQ. := AS & low & RESET; 
MCl_ := (COUNT==0) & low & RESET; 
RASI_ := (COUNT==1) & low & RESET; 
RFC := (COUNT==3) & low & RESET; 
RFC_ := (COUNT==5) & high; 
RASI_ := (COUNT==5) & high; 
MCl_ := (COUNT==6) & high; 
RASI_ := (COUNT==9) & low & RESET; 
MSEL := (COUNT==10) & high & RESET; 
CASI_ := (COUNT==11) & low & RESET; 
DSACK := (COUNT==11) & low & RESET; 
W_ := (COUNT==12) & low & RESET; 
WH := (COUNT==14) & high; 
DSACK_ := (COUNT==14) & high; 
if (COUNT==6) & (A22 # AGREQ) then 0 else 7; 
if (COUNT==14) then 3 else 7; 


RASI_ := (COUNT==1) & high; 
MSEL := (COUNT==1) & low ; 
CASI := (COUNT==1) & high; 
if (COUNT==3) then 7 else 8; 


ye test vectors ‘NORMAL ACCESS CYCLE’ 
({OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] -> (RFC, RASI,MSEL,CASI,MC1,W,DSACK, STATE ]) 


(clk, 
(clk, 
(clk, 
(clk, 
(clk, 
[clk, 
(clk, 
(clk, 
[clk, 
(clk, 


! 


~~ — 2 ~~ ~~~ — 2 2 — = - 2 

DPS OS OS OS OS OS EC OS OS OS 

fe eee. Yice wee To So oe i 
oe] 


a a Se, Oe el ee ae 


PS PS OS PS OOS OOS PS OSE OE Obs 


1X, X, Be SP SR Dy 
1, X, 355,23 Op bE Bs, 
HA, X, Ba. 0ofipy, Ff, 
,X%, X, Ree pea T 
1X, X, X70 Jecdchihs,.- b:; 
7X, X, E58 -E sp eis By 
7X, X, Bye ee ky 
,X, X, ty. 3. | O4 ESE 
1X, X, Reps) >, bs 
/X, X, Bars > hh Lh, 


test vectors ‘HOLDING STATE 4 WITH EXTENDED ACCESS REQUEST’ 
( (OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] -> [RFC, RASI,MSEL,CASI,MC1,W,DSACK, STATE }) 


(clk, 
(clk, 
(clk, 
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H ,H,X, 
H ,.L, %, 
H ,X, X, 


H 
X 
X 


,H, X, aye O uy > 
1X, X, Rep Je? foe 1 
/X%, A, Mgt Diy Wy 


L 


. ae, Wee. eae “ie. wi FR Bee Se ce 


mas ms mete ee 


q, 
Hy, 
L, 


H, HH, 
HH, 
HH, 
HH, 
HH, 
HH, 
H ,H, 
H ,L, 
H ,L, 
HH, 


| al oe ee 


C ee ee, ee, ee ee ee 


L, H ,H, 
L, H ,H, 
H, HH, 


meek mse eS ee oe 


eS = <2 ean, es  & & Se ee = 


WW BPO PO DO HO PO PO F* CO CO 


=> 


test vectors ‘EXTENDED ACCESS’ 
( (OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] 


(clk, H ,X,%, X 1 X 
[clk, H , X :%, 2% 7 Oe 
(clk, H ,X,X, X 1 X, 
[clk, By B pede r Xy 
(clk, Ay Bk yh 1 X 
[clk, Hp Zopedy ck Pe © 
(clk, By 2 hy oh 1X 
(clk, H-, E peky ik 1 &y 
[clk, BX ck, uf = © 


-> (RFC, RASI,MSEL, CASI,MC1,W,DSACK, STATE ]) 
X X }-> (8, H, ft H, H ,H, 


PS OS OG OS OS OG OOS OS 
i ee ee ee | 
Qo wo Om DD Oo & WH FO 
[= SS oe oe ee et Ee“ & 


PS OS OS OS OS OS OS OS 


_— 


Th «te ie 9) << _95 5 .*! «oe 


test vectors ‘HOLDING STATE 4 WITH HIGH SPEED ACCESS REQUEST’ 


( (OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] 
(clk, H ,H,X, i 1 Hy 
[clk, | rae eee Cpe | , &, 
(clk, H ,L,X, X 1 X, 


test vectors ‘HIGH SPEED ACCESS’ 
(OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] 


[clk, H t X t ) X ! X, 
[clk, H ! X t X, X ' X, 
(clk, H ,X,X, X 1%, 


test_vectors 
( (OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT) 


[clk, H ,H,X, 1, A, 
(clk, H ,H,X, X 1 X, 
(clk, H ,X,X, i 1 by 
[clk, Noy Rey By 8 © 
(clk, H ,X,X, Lb 1X, 


test vectors ‘NORMAL REFRESH CYCLE’ 


([OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT) 


(clk, Ry kim S rly 
(clk, H ,X,X, X 1 Ly 
(clk, H ,X,X, X 1 ly 
[clk, H ,%, %,:% r ly 
[clk, Bay hk, Pa * 
(clk, ore ae cae , L, 
(clk, H ,X,X, X , , 


-> [RFC, RASI,MSEL, CASI,MC1,W,DSACK, STATE ]) 


X, H, 0 J)>{H, L, H, 1, HH, 
xX, Ep ct oa t, L , H , L, 8G, 
L, fe hep sbch; hee by AE, 


-> [RFC,RASI,MSEL,CASI,MC1,W,DSACK, STATE ]) 

X, X, 2)->([H, L, H, L,H8,1, 
he ph 7d PetyR, hypo, beh 
X , X, 4)>[8, L, H, Lb, Hk, 


‘NON-MEMORY ACCESS FOLLOWED BY REFRESH REQUEST’ 


a> [RFC, RASI, MSEL, CASI, MC1, Hi, DSACK, STATE ] ) 


Kes ey ey > A eb cles ©: pte 
X , X4e8 OAT, F,-br a, ooh 
hig 3 py Ree Bo Be oe Bae A 
hey © Gy D jets, 8 iy 2A 
X , B58 Je, Fh H, H ,H, 


=> [RFC, RASI, MSEL, CASI,MC1, Hi, DSACK, STATE ] ) 


X , C4 eae py ee By ah 
X, Be Ay hy 8h 
X, Rp eee EF eg iy Ba, 
X, Re, 8c) PTL, &, by Bt ik, 
X , Rey Se, 2 i 2, 
X, Rip ad hy ysl ll, 
X , Bae 1a EY eRe ie, 


i ee ee ee =| 


[= SS oS os ee ee 


Se a i Re We ee ka 


—~= @ = - ~ To 


- -=- -=- =§ =§ = = 


Wwoaonrnnm anion on on on uo 


nS 


sa oOo Oo O&O > 


. Applications Information 


Ce i i i i | 
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test_vectors ‘NORMAL REFRESH CYCLE FOLLOWED BY ACCESS GRANT REQUEST’ 
([OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT) -> [RFC,RASI,MSEL, CASI,MC1,W,DSACK, STATE ]) 


(clk, H ,X,%, 1 pap ay: kk, 0 
[clk, H ,X,X, X pay e, § 
(clk, H.,X,%, X agi lke SNE hate 
(clk, H ,X, %, xX p yoke Ae 
[clk, H ,X,X, X ty Wee OF eo 
(clk, H ,X,%X, X lig hg eee 
(clk, H ,L,X, is eo vane Gores 
(clk, H ,L,X, X ay ay SG 
(clk, H ,L,X, X Sas Se Sarak | 
(clk, H ,L,X, X jlipey eee 8 
(clk, H ,L,X, X 2) See ee 
(clk, H ,L,X, X 7b, X, X , 10 
(clk, H ,L,X, X pik § 2 CR 
(clk, H ,L,X, X 1X, X , 2 
(clk, H ,L,X, X wag hae 
(clk, H ,1L,%X, X 7X, X , 14 


}->[(H, 


— 
i] 
Vv 


Ba et st a bt ee st 
L 

VV VV VV VV VV VV VV 

_™ eee ese enn aes ee eens a es ess eee oe 


= = ~~ = ~~ ~~ 2 me ~~ — 2 | 


=> = » =, ‘o> a oc) te Mm) Se Se) Re ee, TS) 


test vectors ‘HOLDING STATE 3 WITH EXTENDED REFRESH REQUEST’ 
([OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] -> [RFC,RASI,MSEL,CASI,MC1,W,DSACK, STATE }) 


[clk, H ,X,X, G 1X, 
[clk, H 1 X t X, H ! L, 
[clk, H ! 3 ! i L ! X, 


test vectors ‘EXTENDED REFRESH CYCLE’ 


([OSC, RESET, A22, RW, REFREQ, AS, HSA, SYSCLK, COUNT] 
[clk, t? tra “k 
(clk, Se oe aR Me 
(clk, 7 £73 = rai 
(clk, H ,X,X, & 1 X, 
end SCDECODE 
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£4 ee eI 
ie SS ee 
gene ESS, a 
-> [RFC, RASI,MSEL 
xX, X, 0 ] 
Looper GAY ae eae 
By 2 
ay ERS 


>(H, 1 


a ed a el ee se ~~ 2 2 2 2 2 


en eb, 9 Se ee ee ee ee ee) de Se Ce. ee oe 


i — 2 ew 0 2 ed de 


Ce ee ee ee ee ee ee i i i i i i Mn | 


H, 


| oe ee ee ~~ ~~ ~~ 2 ~~~ 2 2 2 =) 


er ae. ep) ee Se ee a > Te” ee ee” ae 


H 


HH, 
LH, 
LH, 
L ,H, 
L ,H, 
LH, 
LH, 
HH, 
HH, 
H /H, 
HH, 
HH, 
HH, 
H ,L, 
H ,L, 
HH, 


~~ lm ~~ 2 ~~ 2 - 2 2 - 2 2 2 2 | 


L, H ,H, 


L, H ,H, 
H, H ,H, 
H, H ,H, 
H, Hd, 


- = = = =-§ =§ =§ = = = = = = = = © 


a i i} 


Lo ee ee ee ee | 


— co @m co 


NAME 
PARTNO 
DATE 

REV 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 


— SCDECODE ; 


110004; 
05/07/87 
01 ; 


Breuninger /Peprah; 
Texas Instruments; 


None ; 
Dallas; 


. 
’ 
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/* Static Column Decode 


F- 


This is an example of how the PSG507 can be used to generate the 
/* required memory timing control signals (RAS, CAS, MSEL etc) for static 
/* column decode implementation using the ALS6301, ALS6310 and the ALS630 
/*  ALS6300, in a system environment. 


oT 


POR A AEA S EET A ASA LANE EES SE AEEAD SDA EREESES EE EASE EAST ES EDS SES ANE ERTS ONEES SUAS 6894199590584 


TEXAS INSTRUMENTS PSG507 


PEE eT ESE RE TEAS ae SREESRAMERT EES SAS SSE SESE RRARPIACSE SO CCSUNEAASFLASAES SSDS GLUE O REESE y 


/* Allowable Target Device Types : 


/** Input 


pin 
pin 
pin 
pin 


wo 
> 
on DO S&S WP — 


oO 
> 


/** Qutpu 


pin 8 
pin 9 
pin 10 
pin il 
pin 13 
pin 14 
pin 15 


S ce 


ts **/ 


/** Node Declarations **/ 
pinnode [33..38] = [C0..5] 


pinnode 39 
pinnode 4] 
pinnode 42 
node 
node 


SCLRO 
CNTHOLDO 
CNTHOLD! 
[P3..0) 
AGREQ 


Oscillator 

System Reset - when low 
10/!M - Memory access 

Read / Write Enable 

Refresh Request 

Addr Strobe - access request 
High Speed Access 

System Clock - (05C/2) 


Refresh Complete 

Row Address Strobe 
Multiplexer Select 
Column Address Strobe 
Hode Control 

Write 

Data Strobe Acknowledge 


Built-in 6-Bit counter 

Counter Cclear- non registered 
Counter Hold - non registered 
Counter Hold - registered 
Buried State Registers 

Access Grant Request 
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/** Declarations and Intermediate Variable Definition **/ 


field COUNT = (Sees 
field STATE Hig oes Be 
$define ST0 "b' 0000 
$define STI "b’0001 
$define ST2 "b‘0010 
$define ST3 "b’0011 
$define ST4 *b’0100 
$define ST5 "b’0101 
$define ST6 "b’ 0110 
$define ST7 "b'O11) 
$define ST8 "b’ 1000 


/* BUILT-IN COUNTER CONTROL EQUATIONS */ 


- SCLRO = IRESET 


f S12 & COUNT: ‘d'5 
$ S14 & COUNT: ’d’0 
#ST5 & COUNT: ‘d’ 10 
¥ ST6 & COUNT: "d’4 


/* Clear counter when RESET is low 
/* and during transitions at the end 
/* the indicated states and counts. 


# ST7 & COUNT:‘d’6 & (A22 & AGREQ) = /* 


# ST7 & COUNT:d’14 
¥ S18 & COUNT: 'd’3; 


CNTHOLDI.s = !RESET 
¥ ST2 & COUNT: d’5 
# ST4 & COUNT: ‘d’0 
# ST5 & COUNT: ‘d’10 
¥ST6 & COUNT: ‘d"4 


/* Set count hold while clearing 
/* the counters accordingly. 


$ST7 & COUNT: ’d’6 & (A22 & AGREQ) = /* 


f S17 & COUNT: ‘d’14 
f S18 & COUNT: 'd’3; 
CNTHOLDI.r = STO & !REFREQ & RESET 
ST] & !A22 & RESET 
ST3 & !REFREQ & RESET 
ST3.& REFREQ & AS 
& SYSCLK & RESET; 


a 
‘ 
# 


/** State Machine Equations **/ 

sequence STATE [{ 

present ST0: 
if (REFREQ & ({AS # !SYSCLK)) 
if(REFREQ & AS & SYSCLK & RESET) 
if('REFREQ & RESET) 
default 


present STI: 
if(COUNT:’d’0 & !A22) 
if(COUNT:’d’D & A22) 
default 


present ST2: | 
/* NORMAL ACCESS CYCLE */ 
if(COUNT:’d’0) & RESET 
if (COUNT: ‘d’1) 
if(COUNT:’d’2) & RESET 
if (COUNT: ‘d’3) & RESET 
if (COUNT: °d’5) 
default 


/* Reset count hold on transition to ST7 
/* Reset count hold.on transition to ST2 
/* Reset count hold on transition to ST8 
/* Reset count hold on transition to ST4 


next ST0; 
next STl; 
next ST7; 
next ST0; 


next $12; 
next ST0; 
next STl; 


next ST2 out !RASI; 

next ST2 out MASEL; 

next ST2 out [!CASI,!0SACK}; 
next ST2 out !¥; 

next ST3 out (W,DSACK]; 

next S12; 


present ST3: 


/* HOLDING STATE = */ 


iF(LAS # ISYSCLK) & REFREQ & RESET 
if(REFREQ & AS & SYSCLK & RESET) 


if ({REFREQ & RESET) 
default 


present ST4: 


if (COUNT:’d’O) & A22 & RESET 
if (COUNT: ‘d’O) & !A22 & RESET 
if (COUNT: 'd’1l) & HSA & RESET 
if (COUNT: ’d’1) & !HSA & RESET 
default 


present ST5: 


/* EXTENDED ACCESS CYCLE */ 
if (COUNT: ‘d’5) & RESET 

if (COUNT:'d‘6) & RESET 

if (COUNT:‘d’7) & RESET 

if (COUNT:‘d’8) & RESET 

if (COUNT: ‘d’10) & RESET 
default 


present ST6: 


/* HIGH SPEED ACCESS = */ 
if(COUNT:’d’2) & RESET 
if (COUNT: °d’4) 


default 


present ST7: 


/* NORMAL REFRESH CYCLE */ 


if AS 


if (COUNT: ‘d’0) & RESET 
if (COUNT: ‘d’l) & RESET 
if (COUNT: ‘d’3) & RESET 
if (COUNT: ‘d’5) 


if (COUNT: 
if (COUNT: 


if (COUNT: ‘d’9) & RESET 
if (COUNT: ’d’10) & RESET 
if (COUNT: ‘d’11) & RESET 
if (COUNT: ’d'12) & RESET 
if (COUNT: 'd‘ 14) 


default 


present ST8: 


/* EXTENDED REFRESH CYCLE 


if (COUNT: ‘d’1) 
if (COUNT: ’d’3) 


default 


APPEND RASI.s 
APPEND W.s 
‘APPEND HCI_.s 
APPEND PO .r 
APPEND P3_.r 


IRESET; APPEND CASI.s 
IRESET; APPEND AGREQ.s 
IRESET; APPEND SCLRO 
IRESET; APPEND PI_.r 
(RESET; 


d'6) & (A22 # AGREQ) 
d’6) & $A22 & !AGREQ 


*/ 


next S13; 
next ST4; 
next ST8; 
next S13; 


next STO out (RASI,!MSEL,CASI]; 


next ST4; 


next ST5 out [RASI,!MSEL,CASI]; 


next ST6 out !DSACK; 
next ST4; 


next ST5 out !RASI; 
next STS out MSEL; 


next ST5 out [!CASI,!DSACK]; 


next ST5 out !W; 
next ST3 out [W,DSACK]; 
next ST5;. 


next ST6 out !W; 
next ST3 out [W,DSACK]; 
next ST6; 


next ST7 out !AGREQ; 
next ST7 out !MCIl_; 

next ST7 out !RASI; 

next ST7 out !RFC; 

next ST7 out (RFC,RASI]; 
next STO out ACI; 

next ST? out ACI; 

next ST7 out !RASI; 

next ST7 out SEL; 

next ST7 out [!CASI,!DSACK]; 
next ST7 out !W; 

next ST3 out [W,DSACK]; 
next ST7; 


next ST8 out [RASI,!MSEL,CASI]; 


next ST7; 
next ST8; } 


'RESET; APPEND RFC.s = !RESET; 
IRESET; APPEND OSACK.s = !RESET; 
IRESET; APPEND MSEL.r = !RESET; 
'RESET; APPEND P2_.r 


= !RESET; 
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NAME SCDECODE; 
PARTNO §=—_-: 11.0004; 
DATE 05/07/87 ; 


REY icwer Pata aneriPoacas: 
COMPANY Texas Instruments; 
ASSEMBLY None ; 

LOCATION Dallas; 


[REESEEEAGSER TS EESRTESRY RSS NESSES SER SES SCE RESSESESA US SH ERAT VERSE ER SAE ES Tees ae Ree EES PRUE en 


/* Static Column Decode of 
i of | 
igs CUPL simulation file for the Static Column Decode Application Hi 
i Z 
[RESERTRE EEA EEAERD SET ER SAFER EAS SSSSE ORS EES CARR UAFER CORE SRESSERE SSS TORR ECEAL ORS REESE PEE ey 
/* Allowable Target Device Types : TEXAS INSTRUMENTS PSG507 oS 


[AFREFOUSRERSTSOTEAERRAAS SE LSEEERES ERS OA SE RRES ES ERSRE NSLS ATES St eee ep anne ee ee eee eee, 


ORDER: OSC, $4,RESET,£4,A22,43,RW,%3 ,REFREQ,£5,AS,%2,HSA, $5, 9YSCLK, £3, COUNT, 
42,RFC,24,RASI,24,MSEL,£$4,CASI,£3,MC1_,22,W,%3,0SACK,£4,5TATE; 


BASE: DECIMAL; 


VECTORS: 
$msg" *; 
$msg" "; 
$msq"NORMAL ACCESS CYCLE"; 
$msg" "5 
$msg" 90 s--e0"---4------- INPUT ----------------"-0  -------------- QUTPUT --------------- "; 
$msg" OSC, RESET, A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MCI,W,DSACK,STATE "; 
nL ARMIN alge cena Salada ssp oe tess Gea we alate neem yh aaanlrgs Teaco oles roy Oo Le > ra anpaea anor geet as "5 
C ee Bee Pee | ee | X é 4 | ee eee a ee es be 
C | Nose 0 X X ‘0’ ee Bera © ed ae aoe "0" 
C | fee Tee 1 X | “7. BES pe Woe A Sy 
C | or, X X X os | Meters hoo ? es Ge ee | gt 4s 
¢ | ee ee X X X ‘0’ ae L a a a y 
C | ) ere) ae X X X ae cae Barty | ms Cia ees, ba’ 
¢ | eee Ae X X X ae | Baas? H hoe Ee Sie 5 se oe 
C | } es Gee | X X X se ee H ‘LEG SEE aS UF de 
C | ) ae Cae | Se X “* Peas H Sa eee bee #2" 
C | ) eee Fae | pie | X fa eS § H ‘uray Ae ee > 
$msg" "5 
$msg" ts 
$msg"HOLDING STATE 4 WITH EXTENDED ACCESS REQUEST"; 
$msg" oF 
$msQ’ wae ae -------- INPUT -------------------- 0 -------------- OUTPUT ------------- 
$msg" OSC, RESET, A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MC1,W,DSACK,STATE "°; 
a, RCM canada ap 7 elated at cae San Reena eats Pele earnest abner ae tT, Resear kee yaaa “ 
C | ee, Re tS | ‘0’ sk Rees Sess ee pi 
C | 0: > Seok X ‘0’ ee 2 H Lo Ash "4" 
C | hous kesk X | X # & Hoss A L t feticd - 


$msg" "5 


$msg" me 
$msg"EXTENDED ACCESS"; 
$msg" w. 
$msg" ss ------------------ INPUT --------------"--- 0 ------------- OUTPUT --=------------- ey 
$msg" OSC, RESET,A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MCI,W,DSACK,STATE "; 
hk See gee perce a ne Se nae ae inca eae ik ahr Sa aise Wich ta ete ets ek aa ee a ary oe a ea oy 
Wea cae aes ee Cas | a RRR Shae oO Re a A Pa Sage 
GRBAEY Ab ARE fee he: X X Wag Loree Melos fares eee eee tee Geae Heat | 
RRS Eco eee teow | X~X aa eA Ae RE eg ae 
aie wit bee eae oe Cate morose eee ieee Posy ee aie eee 
tes Mees CMaEs ee | ex Soe! ee Coo Bae ee tee ea peered. 
Ace Neer Bebe Gee | ee Ries Sahat, oe Sie ide See i Sw eee 
Sees aie ate ee VEX Pee A AS 2 CE fo ge 
es Raat Bee ee ee, eR aes eae Gage Nec paeets on fe: Se Me ty 
ROO WS Cae sta | om MRE Le Sas Gn aes ee ig ake eee A 
$msg" n. 
sase?:..* 
$msg"HOLDING STATE 4 WITH HIGH SPEED ACCESS REQUEST"; 
$msg" ms c 
$asq™ 0 -- H+ 9-22 He === === INPUT ------------------ 0 ---------+---- OUTPUT --------------- * ro) 
$msg" OSC, RESET, A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MC1,W,DSACK,STATE "; = 
RS a cit k  aeeasia ei a ge sp aaa air aa peat cian Sao) eo eshaeesrer "5 & 
¢ | Cate Ro, Poe | ‘0’ H L H Cat he al ‘ee ben 
Mist Gus oa, Cla panes Ge tees v Gok | bake) Vee oe ae ee ae ge 2 
CS BAe Se ee ee a ee eh Ege £ 
7) 
$msg" "5 5 
$msg" = 
$msg"HIGH SPEED ACCESS"; S 
$msg” "; = 
$msg’ 9s ------------------ INPUT ------------------  -------------- OUTPUT --------------- a ro¥ 
$msg" OSC, RESET, A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MC1,W,DSACK,STATE °; = | 
ak IN ote ec '8 A a le EE See GE OR a= ot dudeiiaomiet cet, Sea oa Sate Saha aes "5 
(MEIGS 02H) ee 8 eae x | ay 6 Mae as celia "Wee, | Gees: , Uae eae Re “hy ge 
CER: oe YX SAS ORS Fei Fee 
ee eee s es eee ee be | dae Gas) Ae aM he oe Ee 
$msg" m. 
$msg" "5 
$msg"NON-MEMORY ACCESS FOLLOWED BY REFRESH REQUEST"; 
$msg" We 
$msg" 9s ------------------ INPUT ------------------  -------------- OUTPUT --------------- Re 
$msg" OSC, RESET, A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MC1,W,DSACK,STATE °; 
eat ere nee ae rene etn enh Spr eee me oe Ae = ee "5 
Eee eee ee pee bee Pier: Se ESS eae, mee ie: a ae Ea be 
ties fh FF ps8 ee ES Ee a Ae 
COE eh ORS SH 0 Xx BS eS EM He ek HO ES Ae 
pais: Gebel yay esa ge ere eee Re eee Se ci 
Tae Bae aie Sate + ee ES acre Nae eee Bees See Se eae 


9-125 


- UOHBWUUOjU] SUOHeoddy 


9-126 


$msg” 


’ 


§msg" "5 
$msg"NORMAL REFRESH CYCLE"; 
$msg" ws 
$msg" ss ------------------ INPUT ------------------  -------------- OUTPUT --------------- r; 
$msg" OSC, RESET, A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MC1,W,DSACK,STATE "; 
9G? ns anettpartssscece<eaereene ar oyeant anon soe 1-2 ente<eeyng enue nee nanan eee ne = 4 
¢ | | poe tee 0 X X be We A Beeb iat gil bp 
C | BRS th 0 Xx X oe ae L Uh A 1° 
CO a ee 0 X eae ee eee Sages eke MN es ee RS 
ie ae See eae 0 -X Ree ey OE ge ee a ei 
Cia eae ek 0 X | Pie, Demin Sarees Mead een en ee ek Serle 
Gh ea 0 X Re ae He a i ea ee 
Ce eS Beck 0 Xx Pace, (eee whe eS ee Os Bek ah 
$msq" me 
$msg" ah | 
$msg"NORMAL REFRESH CYCLE FOLLOWED BY ACCESS GRANT REQUEST"; 
$msg" ws 
| be teh saad ae INPUT ------------------ 0 -------------- OUTPUT --------------- x 
$msg" OSC, RESET ,A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,HCI,W,DSACK,STATE "; 
RSQ": «~~ An snteeeneneBis Ro errinapnarawnr seressannennensnrnnaiinppasranasrannactenasekse = 4m "5 
Cee KE 8 X X My AOR Hos is Ede Bh sadtone, 97" 
i Sire ane sae | 0 X ees See ame Soke aces), Oe Pa ie a ty 
Ce oR Oe 0 X RoR WE is So is ON ie eee 
Cat Po 1 X RG in Eg oe ea Sy 
gE Bs | RS RR Smee re, BS SR, Ge aR a et ee oe 
OY Fee Bane Sine) ae | 0 X Re See Pe ge eh oe eee 
ye estan Gree Gia | 0 Xx Be ARS ie PRO es ee 
See ts Maia: Sema Gaae 0 Xx AS SR dl Sa Be ae 
Gira 3 So ete 0 X Rei Wg ea a 
Tystet oem Dee aie 0 X Ree BES OR OS Se 8 
ital eee Li mee | 0 X Fx. y 2a Aa: De a 
ELSE BNR gee, Soe? | 0 X Utes | Rickie Reais Seaees) bo cits Wes Ld es cogil be 
rete) glne aumt Sank | 0 X Ay sb ek oe AP 
eee CRA eee ree | 0 X 5 RE Bat Ee 
Peet is Bat wee 0 X ree & ee eG Oceans ene See ie A eae Ro i 
8 Pro SE HE 0 X A cE ee eR Oo a a 
$msg" a, 
$msg" es 
$msg"HOLDING STATE 3 WITH EXTENDED REFRESH REQUEST"; 
$msg" *; 
$msg" e+ ---------------- INPUT ------------nn---- 0 --------08---- OUTPUT. --------------= ms 
$msg" OSC, RESET,A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,MSEL,CASI,MC1,W,DSACK,STATE "; 
GESQh tener ee rennewncn nnn nn ennnnnerwnwn enn nn ncenennns canawannnannnnnnenannannnnn aan nm ue 


$msg" 
$msg" 


$msg"EXTENDED REFRESH CYCLE"; 


$msg" 
$msq" 
$msg" 
$msg" 


’ 


wean nencenenn eens INPUT ------------------  -------------- QUTPUT --------------- 
OSC,RESET,A22,RW,REFREQ,AS,HSA,SYSCLK COUNT RFC,RASI,MSEL,CASI,MC!,W,DSACK, STATE 
ibis eee A gar teach Sete Gaon, eed ac! oy feet ae Mon Ga 
SIG eres Wt oes eee ee Cllr SUAS ae” Send goes “estes Cae ae eer Pe, 
Be Ee Se a Wei 
Gee Ee Se en te Ce AE ee 
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Quality and Reliability 


MOS Memory Quality and Reliability Strategy 


Texas Instruments is committed to providing its customers 
with reliable, high quality memory products. MOS Memory 
management has applied a four point quality and reliability 
strategy to: 

© Provide customers with the lowest cost of product owner- 
ship through quality, reliability, and service by: 

— On-time delivery to minimize customer inventory. 

— Quality performance that justifies ship-to-stock cer- 
tification and eliminates the cost of component 
testing. 

— No system manufacturing falldut. 

— No warranty and service costs. 

® Develop partnership relationships to service and solve 
customer problems and anticipate upcoming needs. 

@ Living quality improvement process from product crea- 
tion and manufacture through product sales via our total 
quality control approach of: 

— Design-in and build-in quality and reliability. 
— In-control manufacturing. 
— Leadership customer service. 

© TI’s performance measurement shall be by the customer’s 
measurement and perception. The performance standard 
is continuous customer satisfaction. 


Total Quality Control (TQC) 


Total Quality Control at TI is a business management 
process encompassing all company functions. The goal of 
Total Quality Control (TQC) is continuous customer satisfac- 
tion. Utilizing a process of improvement through a positive 
feedback cycle, TQC is deployed in the MOS Memory Divi- 
sion from the initial design-in Q&R stage through in-control 
manufacturing and customer service (see Figure 1). 

Proper application of the concept of ““PLAN-DO- 
CHECK-ACT”’ allows a positive feedback loop that creates 
continuous improvement and breakthrough, as opposed to the 
““FIX-FIX-FIX-FIX” results of a negative loop (see Figure 2). 


A. Design-In Quality and Reliability 

Quality and reliability improvements at TI start with 

the chip and package design. The objective of MOS Mem- 
ory’s Design-In Quality and Reliability (DIR) thrust is: 
First pass qualification of new products, internally and 
at the customer. The TI approach to DIR has been to 
understand customer requirements of a product, and to 
formalize this knowledge into a database which incor- 
porates both reliability modeling knowledge and “lessons 
learned” from historical problems and data evaluations. 
Before any new design is approved, the design is verified 
against a DIR “checklist”. Design verification is 
planned to evolve to computer verification utilizing ar- 

tificial intelligence. 


B. In-Control Manufacturing 


Documentation/Audit System 

To assure in-control manufacturing, TI employs a 
hierarchical specification system. General specifications on 
all aspects of quality, reliability, and customer service are 
written and controlled by the central Quality and Reliabili- 
ty group. More detailed specifications control the 
operating practices of Product Customer Centers (PCC), 

Fabrication Customer Centers (FCC), and other support 

organizations. These specifications follow guidelines set 

by the higher level specifications but concentrate on the 
type of semiconductor product built by the PCC and FCC. 

Regularly scheduled audits are performed within TI 
to ensure compliance with all specifications. The five 
types of audits performed are: 

1. Self-audit: An internal audit within each PCC, FCC, 
or functional operation. This type of audit is conducted 
by persons within the operation and an additional per- 
son from outside of the operation. 

2. Cross-audit: An audit by persons independent of the 
operation being audited. 

3. Group audit: An audit of an operation conducted by 
the semiconductor group audits and procedures func- 
tion, which is a part of the central Quality and Reliabili- 
ty organization. 

4. Procedures audit: An audit of lower level specifications 
with respect to higher level specifications. 

5. Compliance audit: An audit of operating practices with 
respect to specifications. 


Statistical Process Control (SPC) 

Quality improvement is achieved through Statistical 
Process Control (SPC). SPC is applied throughout the 
manufacturing operations of the MOS Memory division. 
The objectives of SPC are: 

— Control processes on a realtime basis. 
— Improve process capability (CP). 

— Reduce variability to target value (CPK). 
— Eliminate “‘out-of-spec’’ lots. 

— Achieve dependable delivery. 

— Lower cost-of-quality. 

Computer hardware and artificial intelligence soft- 
ware have been coupled to establish interactive control 
allowing the computer to generate realtime control charts 
and prompt adjustments to equipment and processes (see 
Figure 3). 


E Quality and Reliabili 


Die Fabrication Control 

In addition to extensive SPC applications in our 
MOS fabrication centers, TI implements wafer level quality 
and reliability controls. 
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CUSTOMER 
SERVICE 


UNDERSTAND NEEDS 


DESIGN-IN IN-CONTROL 
Q&a&R MANUFACTURE 
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DESIGN RULES/PACKAGE CAPABILITY 


ANALYSIS/IMPROVEMENT 


DOCUMENT/AUDIT/CONTROL 
THROUGH STANDARDS/SPC 


PRODUCT/PROCESS IMPROVEMENT 


SERVICE — ON-TIME DELIVERY, JIT 
(JUST IN TIME), SHIP-TO-STOCK, 
JOINT QUALIFICATION 


MEASURE/ASSESS THROUGH 
RELIABILITY TESTING 


SUPPORT — FIELD THROUGH FACTORY 


VERIFY — FEEDBACK WITH CUSTOMER 
ASSESSMENT 


Figure 1. Total Quality Control 


FROM NEGATIVE LOOP 


ERRATIC 
CONTROL 


QUICK FIX 
NO RECURRING 
PREVENTION 


TROUBLE 
SHOOTING 


NO-TIME FOR 
IMPROVEMENT 


TO POSITIVE LOOP 


HOLD 
IMPROVEMENT 
WITH STANDARD 


STRATEGIC 
PLANNING 


IMPROVEMENT - 
& BREAKTHROUGH 


Figure 2. TQC Philosophy 


MANAGEMENT 


COMMITMENT 


- DESIGN OF 
EXPERIMENTS 


CONTROL CHARTS 
- CONTROL TO TARGET 
- REDUCE VARIABILITY 


IDENTIFY PROBLEMS AND 
DATA COLLECTION 
- PARETO OF DEFECTS 


IDENTIFY SOURCE OF 
VARIATION 

- MULTI-VARIABLE 
CHART 
- FISH-BONE 


CAPABILITY STUDIES 
- PROCESS SPREAD 
- SPEC SPREAD 


Figure 3. Computer Aided Statistical Process Control 


Wafer (slice) level quality control focuses on reduc- Table 2. Major Assembly Steps Using SPC/SQC T 
tion.of variability around target values (CPK) for key func- 
tionality parameters and controls the processes that affect 


parameters. For example: Column access time (tCAC) is 
a key DRAM parameter. One of the die manufacturing pro- 


cesses that affects tcAc is the photo etch. To reduce ge gi % COVERAGE OF EPOXY 
variability of the target value of tcAc, we control BOND BOND STRENGTH 
polysilicon width dimension at the photo etch process. 

Wafer level reliability controls address process con- MOLD TEMPERATURE AND MOLDING 
trol of known reliability hazards. For example: Excessive PARAMETERS 


phosphorus use in die processing can lead to corrosion 
defects in the finished device. Wafer level reliability con- 


trols require that phosphorus level control is built into the CERAMIC DEVICE ASSEMBLY 


manufacturing process and that action is prescribed for out 
of control material. Other wafer level reliability controls BOND BOND STRENGTH 
are shown. 
SEAL SEAL FURNACE 
TEMPERATURE 
Table 1. Wafer Reliability Controls 


tStatistical Process Control/Statistical Quality Control 
PARAMETER CONTROL 


Table 3. MOS Memory Assembly Level Reliability 
ELECTROMIGRATION TESTING Controls 


GRAIN SIZE, SILICON NODULE 
PARAMETER CONTROL 


MONITOR 
STEP COVERAGE/METAL 
NECKING MONITOR P.O. INTEGRITY CONTACTLESS WAFER MOUNT 
ON TAPE DIE MOUNT SYSTEM 
MOLD COMPOUND PARAMETERS 


TRIM/FORM LEAD DEFLECTION (DIP) 


STRESS INDUCED METAL 


VOID TESTING 
PROTECTIVE P.O. INTEGRITY CHIP/CRACK VISUAL INSPECTION = 
OVERCOAT STRESS TESTING TEMP CYCLE re] 
THICKNESS MONITOR SAW BLADE CONDITIONS iro 
REFRACTION POKER PIN HEIGHT a 
WET ETCH MONITOR (EPROM) oe 
CORROSION % PHOSPHORUS IN MULTI- 
LEVEL OXIDE MONITOR BOND INTEGRITY BOND STRENGTH MONITOR a?) 
: BOND PARAMETERS = 
GATE OXIDE BREAKDOWN VOLTAGE BAKE/BOND PULL MONITOR 
a eoters CAPILLARY CHANGE ray 
PACKAGE VISUAL INSPECTION S 
3 INTEGRITY MOLD PRESS PARAMETERS 
Device Assembly Control (PLASTIC) ‘@) 
TI has also implemented assembly level reliability X-RAY INSPECTION (PLASTIC) 
controls and SPC at critical assembly points (see Table TRIM/FORM (PLASTIC) 
2) to ensure highly reliable device packaging. Each pa- Apr eat on 
rameter has certain controls performed at appropriate fre- EMMIETICHTY MORITOR 
quencies to ensure that assembly processing is progressing (CERAMIC) 
at qualified levels. Controls may be added or reduced after 
extensive testing has been performed and results studied DIE MOUNT DIE-SHEAR MONITOR 
carefully to preclude reliability problem introduction into INTEGRITY CENTRIFUGE MONITOR 
the assembly process. The parameters and controls are eat Fl pred ge 
ee : P LEADFRAME POLYIMIDE 
shown in Table 3. : PATTERN INSPECT 


PICK-UP ARM FORCE 


CONTAMINATION VISUAL INSPECTION 
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Reliability Control System 

The MOS Memory reliability control system (Fig- 
ure 4) provides closed loop system feedback resulting in 
corrective actions and ongoing product improvements. 
Each new product, process, or major change to an ex- 
isting product is internally qualified to industry leader- 
ship standards prior to production. This is followed by 
eight weeks of monitoring during production ramp-up and 
routine monitoring of more than 20,000 units a month once 
product achieves final production release. In 1986, almost 
one million memory devices were tested in all phases of 
the reliability control system. 


Reliability Development Issues 

Soft Error. TI has been doing much work in all 
phases of device development to minimize the effects of 
soft error. Soft errors are caused by alpha particles emit- 
ted by the decay of small amounts of thorium and uranium 
located in device packaging materials. TI maintains an ag- 
gressive program of evaluating new mold compounds to 
ensure low alpha emissivity. Certain device design and 
processing techniques are also applied to ensure a low soft 
error rate. The goal of device design and processing is 
to maximize the cell capacitance by employing an oxide- 
nitride dielectric, as opposed to an oxide dielectric. Also, 
the cell capacitance increases as the dielectric thickness 
decreases. Testing has shown that the trench capacitor used 
in dynamic RAMs has competitive soft error rates. 


Channel Hot Electron. Channel hot electrons are 
caused by impact ionization in the drain pinch-off region. 
Electrons are accelerated toward the drain, collide with 
positive ions and can be trapped in the gate oxide. This 
trapped charge can change the characteristics of the tran- 
sistor by raising the VT (threshold voltage ). One method 
employed to reduce the effects of hot electrons is to add 
a lightly doped drain to reduce the electric field at the 
gate. Testing for channel hot electrons is performed at a 
low temperature (—10°C) and a high drain voltage. 

Latch-up. A CMOS device can latch up when the 
gain of the parasitic PNP+NPN transistors is greater 
than 1. These PNP+NPN transistors act as a silicon 
controlled rectifier (SCR). If enough current flows through 
the resistors, the transistors will turn on and the device 
will latch up. 


To control latch-up, the SCR gain must be controlled 
to less than or equal to one. Methods for improving latch- 
up immunity include using an epitaxial substrate, incor- 
porating guard rings between P+ and N+ diffusions, and 
isolating P+ and N+ diffusions. 

Latch-up testing is performed to ensure our CMOS 
devices meet the minimum holding current for industry 
standards. 


D. Customer Service 


Quality, Reliability, Service, and the Cost of Ownership 

The goal of Texas Instruments is to offer the best 
quality, reliability, and service in the semiconductor in- 
dustry. The foundation for this approach is to ship con- 
sistent quality. Consistent quality allows ship-to-stock 
programs that foster the elimination of the customer’s in- © 
coming inspection. Ship-to-stock quality, coupled with 
100% on-time delivery to narrow shipping windows mean 
support of the customer’s just-in-time manufacturing pro- 
gram. This combination of quality, reliability, and service 
can be measured by a single index called “the cost of 
ownership.” The “cost of ownership”’ is defined as being 
composed of the purchase price, quality adders (for in- 
coming inspection and board rework), inventory adders 
(for maintenance of a buffer inventory for suppliers who 
cannot meet just-in-time delivery), in-house reliability ad- 
ders (for system burn-in and rework), and field reliabili- 
ty adders (for warranty and post warranty field repairs). 

For more information about the cost of ownership 
concept, contact your local TI sales office and request the 
brochure “Texas Instruments Lowers Semiconductor Cost 
of Ownership,’ SSYB057. 


Quality Improvement 
Significant improvement in product quality has been 
achieved through: 
— Better definition of customer requirements. 
— Greater emphasis on quality as a design criterion. 
— Improved control of incoming materials. 
— Intensive training of supervisors and operators. 
— Extensive use of statistical process control. 
— More automation of operations to minimize operator 
related defects. 


a ra Tn a 


© Up to 6400 units tested over 8 weeks 


® Process baseline 
® 3 - 6 Diffusion lots 
® Up to 7000 units tested 


® Control each package/wafer fabrication site/ 
device combination 


TEST DRAM EPROM promt 
(WEEKLY) (BI-MONTHLY) (WEEKLY) 


® Ongoing reliability monitor of 125°C 
op. life, data retention bake, temp. cycle, 


TEST DRAM EPROM Prom? 125°C op. life 200 200 120 85/85, autoclave, package integrity, and 
125°C op. life 1100 300 200 85/85 200 ay 120 internal cavity moisture 
EFR* 2000 1000 500 Temp. cycle 200 200 120 eitirwcl mond ors a 
85/85 300 — 200 Autoclave 200 - 120 ontrot fenits:set for each te 
Temp. cycle 600 150 600 ° 
ainsenve 300 = 200 serie ® Approximately 20,000 units tested each 
Static bias/ 250 300 150 month 

Storage 
Soft error 2000 = zi © Scrap analysis ® Early failure rate monitor (devices tested 
Data retention _ 600 150 ~ Die test escapes monthly) 

Bake - Assembly defects 


TEST DRAM EPROM 


125°C op. life, 168 hr. 25,000 - 
200°C bake, 44 hr. a 1000-2000 


Electromigration 150 - 
Package integrity 470 400 200 
ESD 30 20 


- Test marginality 


® Failure analysis studies 
— Failure mechanism 
- Activation energy 


® DRAMs receive 100% burn-in and burn- 
in lot acceptance 


tOne-time programmable 
+EFR (Early Failure Rate) 

DRAM - 125°C, 168 hr. op. life 
EPROM, PROM - 200°C bake (PROM in 
ceramic package) 


TOne-time programmable 


® EPROMs receive 100% 32 hr. data 
retention bake and/or 32 hr. data 
retention bake lot acceptance 


Figure 4. Reliability Control System 


As is demonstrated in Figure 5, MOS Memory EPROM Since the early ’80’s, MOS Memory products have ex- 
and DRAM outgoing quality has dramatically improved dur- hibited a device failure rate improvement trend which has 
ing the last few years. This significant improvement has oc- resulted in highly reliable memory devices (see Figure 6). 


curred for all TI product lines and has been recognized Since the memory device complexity also increases in an 
publicly by many of our customers, who have given TI more ongoing manner, the failure rate by function has improved 
than 70 major quality awards in the last three years. Includ- at an even faster pace. TI continues to emphasize reliability 
ed among these awards are Ford’s Q-1 award, the Naval Quali- improvement as a major factor in reducing the total cost of 
ty award, and the Deming Prize, which is Japan’s most ownership for our customers. Reliability improvement is 
prestigious quality award. reflected as a reduction in the expected field failures during 
system lifetime. 

Up-to-date quality and reliability data for MOS Mem- 
ory products is available. Please contact your local TI sales 
office for information. 


Reliability Improvement 
Low IC failure rates are achieved through design-in 
reliability, computer aided design, stringent qualification 
testing prior to product release, routine monitoring of released 
products, and an extensive failure mode tracking and feed- 
back system for IC failures. 


FITS 


3 Quality and Reliability 


3000 


2000 


Figure 5. MOS Memory Quality Improvement Figure 6. MOS Memory Reliability Improvement 
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LOGIC SYMBOLS 


EXPLANATION OF IEEE/IEC LOGIC SYMBOLS 
FOR MEMORIES 


INTRODUCTION 


The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic language 
that can show the relationship of each input of a digital logic circuit to each output without showing explicitly 
the internal logic. At the heart of the system is dependency notation, which will be partially explained below. 


The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32. 14-1973. Lacking 
at that time a complete development of dependency notation, it offered little more than a substitution 
of rectangular shapes for the familiar distinctive shapes for representing the basic functions of AND, OR, 
negation, etc. This is no longer the case. 


The current standards are IEC Publication 617-12, 1983, and ANSI/IEEE Standard 91-1984. Most of the 
data sheets in this data book include symbols prepared in accordance with these standards. The explanation 
that follows is necessarily brief and greatly condensed from the explanation given in the standards. This 
is not intended to be sufficient for people who will be developing symbols for new devices. It is primarily 
intended to make possible the understanding of the symbols used in this book. : 


EXPLANATION OF A TYPICAL SYMBOL FOR A STATIC MEMORY 


The TMS27C256 symbol will be explained in detail. This symbol includes almost all the features found 
in the PROMs and EPROMs. 

The address inputs are arranged in the order of their assigned 
binary weights and the range of addresses are shown as An 
where m is the decimal equivalent of the lowest address and n 
is the highest. The outputs affected by these addresses are 


TMS27C256 


(10) 
(9) 
(8) 
(7) 
(6) 
(5) 
(4) 
(3) 

(25) 

(24) 

(21) 

(23) 
(2) 

(26) 

(27) 

€ (20) 


device were a RAM. 


The polarity indicator +. indicates that the external low level 

causes the internal 1-state (the active or asserted state) at an 
a1 input or that the internal 1-state causes the external low level 
(3) 2 ~—at an output. The effect is similar to specifying positive logic and 
o4 using the negation symbol ©. 


The VY symbols indicate three-state outputs. Three-state outputs 
(19) will always be controlled by an EN function. When EN stands 
at its internal 1-state, the outputs are enabled; when EN stands 
at its internal O-state, the outputs stand at their high-impedance 
states. Sometimes the EN is a single input but in the illustrated 
case, it is the output of a two-input AND gate. Both inputs (pins 
20 and 22) are active low so if either one of them goes high, 
the outputs will be disabled. The upper one of these two inputs 
(pin 20) has another function. When nonstandard labels and 
explanatory labels are used within symbols, they are enclosed 
within square brackets. Here we find the label ““[PWR DWN]’’. 
This is intended to indicate that if pin 20 is high, the memory 
will go to a low-power standby state. 


(22) 
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EPROM 32,768 x 8 designated by the letter A, as data inputs would also be if the 
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THE BASICS 


Section 3.1 illustrates the most common building blocks that are used in constructing symbols for memories. 
On the left are shown the symbols that specify the active levels for level-operated inputs, and the direction 
of active transition for dynamic inputs. 


It is preferred to show all input lines on the left and all output lines on the right. When an exception is 
made to this left-to-right signal flow, an arrowhead is used to show the reverse signal flow. 


Three symbols are shown that indicate three-state, open-drain, and open-source outputs. If none of these 
are used, the output should be assumed to be totem-pole. The common control block is a point of placement 
for inputs that affect an array of elements. 


The drawings on the right define the three forms of dependency notation used in this book. At an input 
(or output) that affects other inputs or outputs, a letter (G, C, or Z) is placed followed by a number. That 
same number is placed at the affected inputs and outputs. The letter G indicates that an AND relationship 
exists; if the affecting input stands at the O-state, it imposes that O-state on the affected input or output. 
The letter C indicates a control relationship, usually between a clock and a D (data) input. If the C input 
stands at its O-state, the affected input is disabled. A D input is always an input to a storage element, 
which it either sets to the 1-state or resets to the O-state, unless the D input is disabled to have no effect. 
Z dependency is used to transfer a signal from one place in a symbol to another, for example from the 
output at Z4 across to a terminal labeled ‘’4’’, or from the output at Z5 back to the *’5’’ where it serves 
as an input with no terminal attached. 
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3.1 DIAGRAMATIC SUMMARY 


INPUTS G (AND) DEPENDENCY 


Active H (high) : G5 a 
Active L (low) b 5 b 
Active on L-to-H transition % : =, 
Active on H-to-L transition i 3% 
= ae d 
INPUT/OUTPUT C (CONTROL) DEPENDENCY 
a aw 
pare a C2 3 
OUTPUTS Z (INTERCONNECTION) DEPENDENCY 
Active high —_ = ahah 
Active low* a 4 74 a 
3-State V = 
Sa ee 5 Z5 
Open-Circuit (L-type)t © 
Open-Circuit (H-type)*+ 3 
COMMON CONTROL BLOCK 
a *The active-low indicator may be used in combination with 
a the 3-state and open-circuit indicators. 
TL-types include N-channel open-drain and P-channel open- 
b source outputs. 
b +H-types include P-channel open-drain and N-channel open- 
— source outputs. 
Cc 
Cc 
d d 
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4. EXPLANATION OF A TYPICAL SYMBOL FOR A DYNAMIC MEMORY 
4.1 THE TMS4C1024 SYMBOL 


RAM 1024K x 1 
20D10/21D0 


‘ag lt0) oo 
1,048,575 


20D19/21D9 


. 4.2 ADDRESSING 


The TMS4C1024 symbol will be explained in detail for 
each operating function. The assumption is made that 
Sections 2 and 3 have been read and understood. While 
this symbol is complex, so is the device it represents and 
the symbol shows how the part will perform depending 
on the sequence in which signals are applied. 


The symbol above makes use of an abbreviated form to show the multiplexed, latched addresses. The 


blocks representing the address latches are implied but not shown. 


AO 20D10/21D0 


A4 gic 
1,048,575 


a sjoquwiAs 21607 
>>> 
“oO o1 


A9 —4120D19/21D9 


RAS C20 
CAS C21 
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4.3 


4.4 


4.5 


4.6 


When RAS goes low, it momentarily enables (through C20, > indicates a dynamic input) the D inputs 
of the ten address registers 10 through 19. When CAS goes low, it momentarily enables (through C21) 
the D inputs of the ten address registers O through 9. The outputs of the address registers are in 20 internal 
address lines that select 1 of 1,048,576 cells. 


REFRESH 

RAS —= ernest ROW) 
POWER DOWN 

RAS 24 [PWR DWN] 
CAS G24 

WRITE 


When RAS goes low, row refresh starts. It ends when RAS goes 
high. The other input signals required for refreshing are not 
indicated by the symbol. 


CAS is ANDed with RAS (through G24) so when RAS and 
CAS are both high, the device is powered down. 


By virtue of the AND relationship between CAS and W (explicitly 
shown), when either one of these inputs goes low with the other 
one and RAS already low (RAS is ANDed by G23), 
the, D input is momentarily enabled (through C22). In an ‘‘early- 
write’’ cycle it is W that goes low first; this causes the output 
to remain off as explained below. 


The ANDed result of RAS and W (produced by G23) is 
clocked into a latch (through C21) at the instant CAS 
goes low. This result will be a ‘’1’’ if RAS is low and W 
is high. The complement of CAS is shown to be ANDed 
with the output of the latch (by G24 and 24). Therefore, 
as long as CAS stays low, the output is enabled. In the 
‘“‘early-write’’ cycle referred to above, a ‘’O’’ was stored 
in the latch by W being low when CAS went low, so 
the output remained disabled. 
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SYMBOLS FOR DYNAMIC RAM MODULES 


A dynamic RAM module is created by attaching separate DRAMs in chip-carrier packages to a common 
substrate. The symbols for the composite memory thus created starts with the symbol for the origina 
DRAM and is used with as little change as possible. 


So far, two types of organizations have evolved. In the first, all like address and control inputs are connectec 
in parallel between the separate packages. Taking the TM4256EC4 as typical of this group, the symbo 
starts with that of the TMS4256 with the qualifying symbol changed from ‘RAM 256K x 1” to ‘‘RAN 
256 x 4’’, and this becomes a common control block for an array of four input-output elements showr 
below it. 


In the second type of organization, of which the TM4256FC11 is typical, most of the address and contro! 
lines are parallel connected, but some are brought out separately for each of the DRAM packages. To 
maintain the recognizability of the original TMS4256 symbol, it has now been placed in the first element 
of the array. The empty rectangles located below the first element represents three other identical elements. 
Now interconnection (Z) dependency has been used (see 2 and 2.1) to show how CAS, W, D, and the 
address inputs connect to the first element, and since these inputs are located in the common contro 
block, the connections apply equally to all the elements. The connections for RAS1, RAS2, RAS3, anc 
RAS4 apply only to the individual elements. 


TM4256EC4 TM4256FC1 
20D9/21D0 i 
i = 
(17) a2 —= 
(13) A3 TB) 
(8) A4 ~(20) 
(7) fs (6) 
(14) pied i) 
7 ne a 
20D17/21D8 CAS 
Sf> C20[ROW] bese 
(19)f >] S23/IREFRESH ROW! - 
24 [PWR DWN] 20D9/21D0 
> c211CoL 
ja) GS 
0 
A= 
> 262,143 
eh) ees 
(4 
= A,22D AY ~ a1 
eo ee aie 
a ee a phones 
(20) (21) 04 RAS1 9+- G23/[REFRESH ROW] 
Re ca ete ae 5+ 24 [PWR DWN] 
=> C21 [COL] 
(4) 
axe 2) 
(14) 
eae a 
RAS4 
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The drawings below illustrate the handling of control lines that in the original symbol were broken up into 
active-high and active-low functions. To make the combined symbol, the one of the two levels that seemed 
most appropriate was chosen, and then bars were used over the dependency numbers if necessary. For 
example, PWR DWN is an active-high function of pin 3, but it was decided that pin 3, RAS, should be 
considered active low. The bar over the number 39 indicates that PWR DWN is a function of the complement 
of Z39 (ANDed with the complement of Z40 through G24), and the complement of active low is active high. 


cas 115) I z40 


a 39 C20[ROW] C20[ROW] 
RAS1 Z39. 39+ G23/[REFRESH ROW] G23/[REFRESH ROW] 
39+ 24 [PWR DWN] — RAS1 24 [PWR DWN] * 


C21[(COL] C21[(COL] 


G24 


Another modification of the basic symbols that can occur in either organization is illustrated by the 
TM4256FL8. The TMS4256 has separate input and output pins. In the module, these have been connected 
together to form a single |/O port. In the module symbol, this is indicated using Z dependency to transfer 
the output signal from the right side to the left side. 


TM4256FL8 
If you have questions on this Explanation © 


RAM 256Kx8 of IEEE/IEC Logic Symbols, please contact: 


Bere F.A. Mann, MS49 
Texas Instruments Incorporated 
P.O. Box 225012 
Re aat Dallas, Texas 75265 
‘ Telephone (214) 995-2659 


IEEE Standards may be purchased from: 


20D17/21D8 Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th Street 
New York, N.Y. 10017 


International Electrotechnical Commission (IEC) 
publications may be purchased from: 


American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


600-mil cerpak (J suffix) 


2,29 (0.090) 


ne A aa 8,43 (0.332) 
1,53 (0.060) 


8,18 (0.322) 


INDEX eee 


5,21 (0.205) 
4,19 (0.165) 


5,08 (0.200) 
0,457 (0.018) 383 W015 
MIN } 
| 0,305 (0.012) 
0,203 (0.008) 
0,56 (0.022) 
re eee 1,52 (0.060 
0.38 (0.014) a 3,18 (0.125) MIN 18,29 (0.720) 
1.27 (0.050) eT 
2,79 (0.110) 16,36 (0.644) 
0,711 (0.028) 


2,29 (0.090) nner 


(0.670) 


16,51 
(0.650) 


5 Mechanical Data 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


600-mil cerdip (J suffix) 


2,29 (0.090) 
1,53 (0.060) 


LENS PROTRUSION 
0,254 (0.010) MAX 


4,45 (0.175) ¢ 
US (ee 
BEATE ae REG 


5,08 (0.200) 


| 3,81 (0.150) 0,30 (0.012) 
0,20 (0.008) 
0,559 (0.022) ae | 18,29 (0.720) | 
0,356 (0.014) 1,57 (0.082) R 3,18 (0.125) 16,36 (0.644) 
,14 (0.045 MIN 
2.79 (0.110) ‘ ~— 0,714 (0.028) 
2,29 (0.090) MIN REF 


NARR WIDE NARR WIDE NARR WIDE NARR WIDE 


15,85 15,85 15,85 15,85 15,85 15,85 15,85 15,85 
(0.624) (0.624) | (0.624) (0.624) | (0.624) (0.624) | (0.624) (0.624) 


14,99 14,99 


ce. : : 0.590) 
42,37 52,53 
; , . : (1.668) | (2.068) 


C (MAX) 
; : . ; ; = (0.541) (0.598) 
(MIN) 13,06 14,50 
’ ) 2 ; : : (0.514) (0.571) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


300-mil cerdip (J, JT suffixes) 


32,00 (1.26) 
31,50 (1.24) 


2,29 (0.090) 
1,53 (0.060) 


7,65 (0.301) MAX 


€ € 8,05 (0.317) 
7,90 (0.311) 
LENS PROTRUSION 
4,45 (0.175) 
3,56 (0.140) cao 0,254 (0.010) MAX 
0,457 (0.018) 
MIN aw amuriaragagl Hy & iSememe@eniae EMR ERAZS ‘ 
Cae 5,08 (0.200) 0,305 (0.012) 
ant O-EY 0,203 (0.008) 
0,457 (0.018) me: 8 
ce eee 3,18 (0.125) MIN 10,03 (0.395) 
2,79 (0.110) wes 0,711 (0.028) 9,27 (0.365) 
2,29 (0.090) tear dee 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


plastic packages (N suffix) 


EITHER 
OR BOTH C MAX 
INDEX MARKS 


B MAX 
Ns. eee” 
Bn 


ssa 0,508 (0.020) MIN 5.06 (0.200) ' MAX 


105° 
90° 


— SEATING PLANE tT 


0,355 (0.014) oo Te 
0,203 (0.008) 0,533 (0.021) 


D MIN 
0,381 (0.015) 


PIN SPACING 
2,54 (0.100) NOM 


1,78 (0.070) MAX 


0,838 (0.033) NOM 


(0.425) | (0.300) | (0.425) | (0.625) | (0.625) | (0.625) | (0.610) 
(0.870) | (0.920) | (1.070) | (1.120) | (1.252) (1.270) | (1.450) | (1.651) | (2.090) 

(0.270) | (0.270) | (0.270) (0.260) | (0.360) | (0.550) | (0.550) | (0.550) | (0.550) 

3,18 
ea oh oo 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


24-pin 300-mil plastic dual-in-line package (N, NT suffixes) 


31,80 (1.252) 
31,69 (1.248) 


et 


6,60 (0.260) 
6,55 (0.258) 


€ 


7,62 (0.300) © 


3,61 (0.142) 
3,51 (0.138) 


Be 


Se (0.010) TYP ks 3,30 (0.130) 
1,91 (0.075) TYP TYP 
2,54 (0.100) TYP 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


zig-zag plastic package (SD suffix) 


2,90 (0.114) 
2,70 (0.110) 


ae 0,610 (0.024) 
0,406 (0.016) 1,52 (0.059) 


1,02 (0.040) 


BOTTOM VIEW 


| RE PS SS Dee | | | es 2,59 (0.012) 
: . LEAD THICKNESS: <——— 
Oe aa | ee a a ee ee | a ee 2,49 (0.008) 


eae 6,80 (0.268 8,74 (0.344) MAX 6,09 (0.342) NOM 


20,70 (0.815) 
C (MAX) 8,26 (0.325) 10,16 (0.400) 10,16 (0.400) 
Bes 2,79 (0.110) 2,64 (0.104) 2,64 (0.104) 
2,29 (0.090 2,44 (0.096 2.44 (0.096 
eee 3,30 (0.130) 3,25 (0.128) 3,25 (0:128) 
3,00 (0.120) 2,95 (0.116) 2,95 (0.116) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


plastic chip carrier packages 
18-lead plastic chip carrier package (FM suffix) 


8,31 (0.327) 
8,05 (0.317) 


7,47 (0.294) 
7,26 (0.286) 


13,38 (0.527) 
13,13 (0.517) 


INDEX 


CORNER SEATING PLANE 


INDEX 


a 3,53 (0.139) 
3,38 (0.133) 
3,28 (0.129) 
3,12 (0.123) 1,24 (0.049) 
1,09 (0.043) 


t 6,68 (0.263) 0,20 (0.008) NOM 


6,53 (0.257) 


11,76 (0.463) 
11,61 (0.457) 


0,53 (0.021) 
0,43 (0.017) | 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


32-lead plastic chip carrier package (FM suffix) 


E p}eEQg jed1UeYyDo 


12-10 


12,57 (0.495) 
12,32 (0.485) 


11,51 (0.453) 
11,35 (0.447) 


15,11 (0.595) 
14,86 (0.585) 


14,05 (0.553) 
INDEX 73,89 (0.547) 
CORNER 


SEATING PLANE 

3,56 (0.140 

3,35 (0.132) 

1,24 (0.049) 

; 1,09 (0.043) 

g ¢ 

10,80 (0.425 

10,54 (0.415 0,20 (0.008) 

" NOM 
TAA A_W A AW ASE ———— 


fo 


0,76 (0.030) 
TYP | wc ESE 


|| (——] 1.27 (0.050) 
(ei TYP 

13,34 (0.525) 
73,08 (0.515) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


28-lead plastic chip carrier package (FN suffix) 


4,50 (0.177) 


1,22 (0.048) 4,24 (0.167) 2,79 (0.110) 


°o 
1,07 10.042) * > 2,41 (0.095) 
1,35 (0.053) 0,939 (0.037) 
1.19 (0.047) 0,686 (0.027) 


U5 4 3 2 128272625} 


1,27 (0.050) T.P. 
(See Note A) 


12,57 (0.495) 
12,32 (0.485) 
11,58 (0.456) 
11,43 (0.450) 


- 


8,38 (0.330) 
0,254 (0.010) 7,87 (0.310) 


11,58 (0.456) R MAX 
11,43 (0.450) SPLACES 


12,57 (0.495) SEATING PLANE 
12,32 (0.485) (See Note B) 


0,813 (0.032) 


0,660 (0.026) 4 


F f 1,52 (0.060) MIN 


0,508 0,508 (0.020) 020) fee, 0,64 (0.025) MIN 


“1,36 (0.014) 
LEAD DETAIL 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
B. The lead contact points are planar within 0,101 (0.004). 


8 Mechanical Data 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


20/26-lead plastic small outline J-lead surface mount package (DJ suffix) 


17,22 (0.678)T 


| 17,07 (0.672) 


8,64 (0.340) 
8,38 (0.330) 
7,65 (0.301)? 

7,49 (0.295) 


2,85 (0.112) 


269 10.706 102 (0040) 


0,81 (0.032) 
0,66 (0.026) 


0,20 (0.008) NOM 


EXCLUDING FINISH | 


= 


1,14 (0.045) 
0,89 (0.035) 


SEATING 


0,41 (0.016) 


\_ 1.02 (0.040) PLANE e [2.51 10.020) 0,51 (0.020) | 
0.76 (0.030) 


3,76 (0.148) 
3,25 (0.128) 


6,99 (0.275) 
6,60 (0.260) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


tT Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0,125 (0.005). 


sal 
RO 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


28-lead plastic small outline J-lead surface mount package (DJ suffix) 


18,54 (0.730) NOM 


11,05 (0.435) NOM 


10,16 (0.400) NOM 


3,45 (0.136) 


2,79 (0.110) NOM 


NOM 


ia 0.46 (0.018) NOM SEATING PLANE 
1,27 (0.050) NOM 


9,39 (0.370) NOM 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


8 Mechanical Data 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


22-pin C single-in-line package 


5,08 (0.200) 


56,13 (2.210) MAX 
Da Sa x 55,63 (2.190) SS | 


11,42 (0.457) 


11,38 (0.443) 


0,330 (0.013) 
0,178 (0.007) 


| | |. 0.584 (0.023) 0,584 (0.023) 
3,175 (0.125) MIN PIN SPACING 2,54 (0.100) T.P. 0,432 (0.017) 
(SEE NOTE A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 


a Beg jedUeYyooW 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


24-pin AC single-in-line package 


71,37 (2.810) 
70,87 (2.790) 


11,45 (0.467) 
11,41 (0.453) 


ST 


3,175 (0.125) ———————— 
MIN 0,178 (0.007) 
PIN SPACING 2,54 (0.100) T.P. 


N 
(SEE NOTE A) 0,584 (0.023) 
0,432 (0.017) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


30-pin L single-in-line package 


» errr ait sh ii 


the 175 (0.125) MIN 0,330 (0.013) 
0,178 (0.007) 
PIN SPACING 2,54 (0.100) T.P. 0,584 (0.023) 


(SEE NOTE A) 0,432 (0.017) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


30-pin U single-in-line package 


TYP 


5,08 (0.200) 
MAX 
89,15 (3.510) 
88,65 (3.490) 
3,17 
(0.125) 
16,52 (0.657) Kieid 
16,48 (0.643) 10,16 
(0.400) 
1,37 (0.054) 


PIN SPACING 2,54 (0.100) T.P. 1,37 (0.0 
(SEE NOTE A) 


1,78 (0.070) TYP 1,17 (0.046) 


3,38 (0,133) 
TYP 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—COMMERCIAL 


30-pin AD single-in-line package (TMO24GAD8) 


89,15 (3.510) 5.33 (0.210) 


88,65 (3.490) i 
3,38 (0.133) TYP 


oe 49 (0.807) 
20,19 (0.793) 


1,37 (0. 1.37 (0.054) _| S 


1,19 (0.047) 


RU ES) ee 
PIN SPACING 2,54 (0.100) T.P. (ise 
(SEE NOTE A) 1,78 (0.070) TYP 


INDEX 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


30-pin AD single-in-line package (TMO24EAD9Q) 


5,33 (0.210) 


89,15 (3.510) MAX 


88,65 (3.490) 


3,38 (0.133) TYP 


10,16 (0.400) 


20,49 (0.807) 
20,19 (0.793) 


INDEX : 
PIN SPACING 2,54 (0.100) T.P. 

(SEE NOTE A) ee ogee 

1,78 (0.070) TYP ,37 (0.054) 


1,19 (0.047) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—MILITARY 


Military Packages 


The packages offered by the Military Products Division of Texas Instruments Semiconductor Group are designed to 
provide the most efficient and cost-effective method of meeting Military system requirements. Products are offered 
in hermetic ceramic dual-in-line, ceramic flatpack, leadless ceramic chip carrier, leaded ceramic chip carrier, and 
ceramic pin grid array packages. All packages conform to the mechanical outlines contained in Appendix C of 
MIL-M-38510 except for package types that are not included in that specification. In the event of a conflict between 
dimensions contained in MIL-M-38510 Appendix C and other Tl published mechanical outlines, MIL-M-38510 will 
take precedence. 


Physical dimensions of the packages not contained in MIL-M-38510 Appendix C are contained in this document. 
This document also includes packages that are not completely defined in MIL-M-38510. 


CERAMIC PACKAGES AVAILABLE 


Package Description 


Three-Layer icoieennesess Soe Calera cane ee LLCC — Non-JEDEC Pinouts 


Three-Layer Rectangular LLCC — JEDEC Pinouts 


Three-Layer Square "J” Formed LDCC 


: 
a 


s Mechanical Data. 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—MILITARY 


The TI published mechanical outlines for a given package type may vary slightly from product to product. Ti 
identify the detailed outline drawing for a particular product, refer to the specific data sheet for that product. Ther 
will be detail outline subsets within a generic package category that will be identified as follows: 


XX YYY Z 


Specific Outline Revision 
Number of Terminations 
Basic Package Identifier 


( 


For example, there are two "FV” package outlines identified in this book: 


Mechanical Outline Description % 


FVO18 18-Pad Leadiess Ceramic Chip Carrier used for 
SMJ4256-XXFV 
FVO18A 18-Pad Leadless Ceramic Chip Carrier used for 


SMJ4464-XXFV 


MIL-M-38510 APPENDIX C OUTLINES 


Number Ceramic Dual-in-Line Flat Package Chip Carrier Pin Grid Array 


Leads/ MIL Tl Appendix C MIL Tl AppendixC | MIL 
Contacts ID ID Outline ID ID Outline ID 
: , 


is BJeq jedueyooyy 


| is 
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MECHANICAL DATA 
MOS MEMORY PRODUCTS—MILITARY 


20-pin leaded ceramic chip carrier (HJ suffix) 


17,39 (0.685) 
17,12 (0.675) 


15,44 (0.608) 


r 15,04 (0.592) 1,22 (0.048) typ 
0,71 (0.028) 4PLCS 


7,62 (0.300) 8,59 (0.338) 
7,11 (0.280) 8,33 (0.328) 


0,76 (0.030) RADIUS 


16,76 (0.660) 
16,26 (0.640) 


1,42 (0.056) 2,29 (0.090) 0,25 (0.010) 3,18 (0.125) 
1,12 (0.044) 1,78 (0.070) * ¥ 0,15 (0.006) 2,67 (0.105) 


7,82 (0.308) 
—e| 


EE ot 
vee ae | oes (0.022) MONS eo ee 


2,01 (0.079) ————————— 0,89 (0.035) 
0,302 (0.012 0,89 (0.035) 
| 1,40 (0.055) 0,64 (0.025) 

1,20 (0.045) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALY IN INCHES 
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MECHANICAL DATA © 
VLS! MEMORY MANAGEMENT PRODUCTS 


D PLASTIC PACKAGE 
(16-pin package used for illustration) 


6,20 (0.244) 

5,80 (0.228) 
4,00 (0.157) 
3,81 (0.150) 


0,50 (0.020) 5,21 (0.205) 


1,35 (0.053) 0,190 ‘0,190 (0.0075) 0075) 


1,75 (0.069) pees eae 0,229 (0.0090) 
0,25 (0.010) 4,60 (0.181) 


0,203 (0.008) 
amma Ean oO 
0,102 (0.004) 0,457 (0.018) ie NOM “sae 


0,356 (0. 0,356 (0.014) 4 PLACES 
0,79 (0.031) 


0,28 (0.011) 1,12 (0.044) 


PIN SPACING 0,51 (0.020) 
1,27 (0.050) 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash 0: protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within +0,051 (0.602) exclusive of solder. 


A Mechanical Data 


TEXAS wy 12-23 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


is Beg jedUeyDOWy 


MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


20-PIN DW 
12,9 (0.508) 
12,7 (0.500) 
10,65 (0.419) 
10,15 (0.400) 


7,55 (0.297) 
7,45 (0.293) 


7° NOM 
2,65 (0.104) 4 PLACES 9,0 (0.354) 
735 (0. 0,5 (0.02) x om 8,6 (0.338) 
2,35 (0.093) 
om 9) cee 9) ee Oe ee ee ee = 


ie NOM 1,27 (0.050) | 
4 PLACES 940 (0.016) 


a ae ag |,940e (0.019) ee 4° 4° 
0,10 (0.004) | | 0,350 (0.014) 0,320 (0.013) 


0,230 (0.009) 
0,785 (0.031) 
0,585 (0.023) 
1,27 (0.050) TP 


NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


DW plastic ‘‘small outline’’ packages 


24-PIN DW 


15,5 (0.610) 
15,3 (0.602) 


10,65 (0.419) 


10,15 (0.400) 


7,55 (0.297) 
7,45 (0.293) 


9,0 (0.354) 
8,6 (0.338) 


' 2,65 (0.104) 


2,35 (0.093) ¥ 


0,30 (0.012) 
ese asl Sie ais \ Nestea 4° +4° 
0,10 (0.004) 0,350 (0.014) 


0,785 (0.031) eae 1,27 (0.050) 
0,585 (0.023) ct iol 0,40 (0.016 
0,585 (0.023) 1,27(0.050) TP 40 ( ) 


NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Mechanical Data 
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MECHANICAL DATA 
VLSI] MEMORY MANAGEMENT PRODUCTS 
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enh 
NO 
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44-TERMINAL FD and FK 


 —— 
_j_.28 27. .26_ 26: 24. 23 22 21 20 18. 18 


2.41 (0.095) 
1,91 (0.075) 
—— 


> *B888ehb 


G-- 


1,27 (0.050) 


0,56 (0.022) 


FD AND FK PACKAGES 


8.69 
(0.342) 
11,23 
(0.442) 


16,26 


9,09 
(0.358) 
11,63 
(0.458) 
16,76 
(0.660) 
19,33 
(0.761) 
24,43 
(0.962) 
29,59 
(1.165) 


1,63 
(0.064) 
1,63 
(0.064) 
1,75 
(0.069) 
2,08 
(0.082) 
2,08 
(0.082) 
2,08 
(0.082) 


2,03 
(0.080) 
2,03 
(0.080) 
3,05 
(0.120) 
3,05 
(0.120) 
3,05 
(0.120) 
3,05 
(0.120) 


9,09 
eben 
11,63 
14,22 
14,22 
21,89 
27,05 


(0.640) 
18,78 
(0.739) 
23,83 
(0.938) 
28,83 
(1.135) 


INDEX CORNER 


40 41 42 43 44 #1 


g 0.64 (0.025) 
0,32 (0.015) | 


0,38 (0.015) 
635 (0.025) TYP 


0,635 (0.025 
0.635 x 1.27 
NOSSeeg Beer ee 
TYPICAL 
35 PLACES 


(See Note A) 


0,38 (0.015) TYP 1,14 (0.045) 


£ 0,89 (0.035) 


1,14 (0.045) 


0,381 (0.015) 0,89 (0.035) 


—___—___-— R 
0,076 (0.003) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: The checkerboard pattern is aligned vertically with the contact pads and is symmetrical horizontally as shown; it is applicable 


to some 44-terminal packages only. 
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MECHANICAL DATA 
VLSI MEMORY ee PRODUCTS 


FK CERAMIC CHIP CARRIER 
(28-terminal package shown) 


CERAMIC CHIP CARRIERS 


JEDEC 
OUTLINE vcamikts 
DESIGNATION* 


8.69 9,09 7,80 9,09 
MS004 


(0.442) (0.458) | (0.406) _ (0.458) 
*All dimensions and notes for the specified JEDEC outline apply. 


INDEX CORNER 


0,51 (0.020) 
0,25 (0.010) 


| 0,51 (0.020) 


0,25 (0.010) 


1,40 (0.055) 
1,14 (0.045) 1,14 (0.045) 


‘ | 0,89 (0.035) 
0,71 (0. a e | = 
0.56 (0.022) 1,27 (0.050) oe res 2,03 (0.080) 


0,89 (0.035) 7,63 (0.064) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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NO 


MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


FN PLASTIC CHIP CARRIER 
(28-terminal package used for illustration) 


4,50 (0.177) 
4,24 (0.167) 


2,79 (0.110) 
1,22 (0.048) ° 2,41 (0.095) 


1,07 (0.042) 1,35 (0.053) ) A¢0 0,94 (0.037) ., 


1,19 (0.047) 0,69 (0.027) 69 (0.027) * 


C (AT SEATING PLANE) 


1,27 (0.050) T.P. 
(See Note B) 


eae Note aoe J ozs i050) R MAX SEATING PLANE 
3 PLACES 
(See Note C) 
JEDEC 
OUTLINE MIN MAX 0,81 (0.032) >} 


NO. OF 
TERMINALS 

07 0,66 (0.026) 
} 0.08780 | FSS 78 10,03 8,89 9,04 7,87 8,38 

(0.385) (0.395) | (0.350) (0.356) | (0.310) (0.330) 

1 
eckbe7 AD 2,32 12,57 11,43 11,58 10.41 10.92 

(0.485) (0.495) | (0.450) (0.456) | (0.410) (0.430) 


a 
ssa FAC ee = 17,65 16,51 16.66 15,49 16,00 0,64 (0.025) MIN 
(0.685) (0.695) | (0.650) (0656) | (0.610) (0.630) 0.51 (0.020) e 3 


27 4.1 : ; rear 
CARTES S 25.02. 25,2 24.13 24.33 | @3:1 23,62 03610014) 1| 
(0.985) (0.995) | (0.950) (0.956) | (0.910) (0.930) 


LEAD DETAIL 


1,52 (0.060) MIN 


All dimensions and notes for the specified JEDEC outline apply. 


NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
C. The lead contact points are planar within 0,10 (0.004). 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


NOTE: For the 14-, 16-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 7,62 (0.300) 
row spacing. For the 24-pin packages, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) 


row spacing. 


14-PIN J CERAMIC 


19,94 (0.785) 
19,18 (0.755) 


Falls Within JEDEC TO-116 and 
EIA MO-001AA Dimensions | 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 
7,11 (0.280) 
6,22 (0.245) 


1,27 
(0.050) NOM 
5,08 (0.200) 
MAX 
— SEATING PLANE 


P 
14 PLACES | 
0,36 (0.014) 
0,20 (0.008) 
14 PLACES 


3,30 (0.130) 


MIN 2,54 (0.100) 


4 PLACES 


1,78 (0.070) 


OOOO OO® 


O®MOOOO®D 


1,78 (0.070) MAX 14 PLACES 
SEALANT 


0,69 (0.027) MIN 


14 PLACES 
snipe peices 


eh BN] 14 PLACES 
PIN SPACING 2,54 (0.100) T.P. 


0,38 (0.015) 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


16-PIN J CERAMIC 


0,63 (0.025) R NOM 
7,87 (0.310) 
7,37 (0.290) 


7,11 (0.280) ry 
6,22 (0.245) 


1,27 (0.050) NOM 


5,08 (0.200) 
MAX 


- SEATING PLANE 


MIN 


3,30 (0.130) 
MIN 


16 PLACES 


_a\ 


0,36 (0.014) 
0,20 (0.008) 
16 PLACES 


eres Bee 


V®@OOOOOD® 


a 1,78 (0.070) MAX 16 PLACES 


GLASS 
SEALANT 


YY 
0,51 (0.020) 


“IL | 


0,305 (0.012) MIN 
4 PLACES 


0,69 (0.027) MIN 


12 PLACES 


1.27 (0.050) 
0,38 (0.015) 


_0,58 (0.023) 


ewes 38 (0.015) '© PLACES 


PIN SPACING 2,54 (0.100) TP. 
(See Note A) 


4 PLACES 


# For memories of 64 bits and up and a few MSI/LS! products in Series 54/74 and Series 54S/74S 
that are derived from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply 


without modification. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


J ceramic dual-in-line packages (continued) 


wesas 23,1 (0.910) MAX ees 
2 Oe SO Oe 


18-PIN J CERAMIC 


7,87 (0.310) 
7,37 (0.290) 


0,63 (0.025) R NOMS 


7,62 (0.300) 
6,22 (0.245) 


OOOOOOOO®: 


1.27 (0.050) NOM 0,51 (0.020) 1,78 (0.070) MAX 18 PLACES 
: MIN 


GLASS 


5,08 (0.200) SEALANT 


MAX 
SEATING t 
PLANE 3 30 (0,130) 0,69 (0.027) MIN - 


MIN 14 PLACES 


18 PLACES 
0,356 (0.014) ; 0,58 (0.023) 


“TB PLACES 0,38 (0.015) 
1,27 (0.050) 18 PLACES 
0,38 (0.015) 

4 PLACES 


18 PLACES 
PIN SPACING 2,54 (0.100) 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


20-PIN J CERAMIC 
24,76 (0.975) 


| ; 23,62 (0.930) | 


22 OVOOQVO OY 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 


7,62 (0.300) 


622 (0.248) YO®OOOOODOO®@ 


0,51 (0.020) 
1,27 (0.050) NOM ee 1,78 (0.070) MAX 20 PLACES 


GLASS 
5,08 (0.200) SEALANT 


MAX 


__ SEATING 
105° PLANE 3 30 (0.130) 0,69 (0.027) MIN 
90° MIN 16 PLACES 
20 PLACES 
0,36 (0.014) 
lke B55 8006) | 0,305 (0.012) nN 0.58 10.023) 
20 PLACES 4 PLACES 1,27 (0.050) 20 PLACES 


0,38 (0.015 
4 PLACES 


e ejeqg jesUueYyooW 


PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
VLS| MEMORY MANAGEMENT PRODUCTS 


J ceramic dual-in-line packages (continued) 


This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 


JD CERAMIC— SIDE BRAZE 


INDEX MARK 
(DOT, TRIANGLE, 
OR NUMBER) 


1,78 (0.070) 


TT. 


0,51 (0.020) MIN 0.76 (0.030) 
eee | 5,08 (0.200) MAX 
~~ PLANE —_——} 
3,18 (0.125) MIN 
Eee EE: 
1,91 (0.075) MAX 
0,38 (0.015) 
0,20 (0.008) 2,54 (0.100) NOM 0,53 (0.021) 


PIN SPACING 


(See Note A) 0.38 (0.015) 


A +0,51 (+0.020) 7,62 7,62 7,62 7,62 7,62 
-0,25 (-0.010) | (0.300) | (0.300) | (0.300) 
20,57 27,94 | 30,86 
eos | esta | mara | coo | ate 
7,37 7,37 7,37 9,91 7,37 
emf wi | 250 | 290 | 0 Loa 
A +0,51(+0.020) | 15,24 | 15,24 | 15,24 | 15,24 | 15,24 | 22.86 
36.8 67,3 | 82.6 
em aso | aso | 2oso | aso | 280 | a2 
Cc (NOM) 15,0 15,0 15,0 15,0 15,0 22,6 
en | eso | sso | es | sm [rosso | os80, 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


8 Mechanical Data 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


N plastic dual-in-line packages 


19,8 (0.780) MAX — 
BRRBRIEE 


7,62 + 0,25 2,4 (0.093) R NOM 


(0.300 + 0.010) 2.8 (0.110) NOM 
6,35 + 0,25 eg 


(0.250 + 0.010) 
2,0 (0.080) NOM 


= 
bo 25 (0.010) NOM 


5,08 (0.200) MAX 4 


= SEATING PLANE 0,84 (0.033) MIN 


oe 12 PLACES 


1 
0,36 (0.014) 
16 PLACES 
olle-025 0010 3,17 (0.125) MIN | -o| le 0,833 (0.021) 


16 PLACES 
(See Note B) 


16 PLACES 
(See Note B) 


1,65 (0.065) 
0,38 (0.015) 
4 PLACES PIN SPACING 2,54 (0.100) T..P. 


(See Note A) 
Parts may be supplied in accordance 
with the alternate side view at the ALTERNATE SIDE VIEW 
option of TI plants located in Europe. <7 j- 1,78 (0.070) MAX 16 PLACES 
In this case, the overall length of the 
package is 22,1 (0.870) max. 0,51 (0.020) 


MIN 
5,08 (0.200) MAX " 


0,84 (0.033) MIN 
16 PLACES 


3,17 (0.125) MIN —e fe- 0,533 (0.021) 


16 PLACES 


2,41 (0.095) 
71.02 (0.040) (See Note B) 


1,02 (0.040) PIN SPACING 2,54 (0.100) T.P. 
4 PLACES (See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 


23,4 (0.920) MAX 


OMOOOYOOO® 


2,36 (0.093) R NOM 


7,62 + 0,25 
4,06 (0.160) NOM 


(0.300 + 0.010) 


6,99 (0.275) MAX OICIOIOIOICIOIOI“) 


2,03 (0.080) NOM | fe 1.78 (0.070) MAX 18 PLACES 


es 


L 0,25 (0.010) NOM 
5,08 (0.200) MAX 


0,51 (0.020) 
MIN 


—SEATING PLANE 


105° 0,89 (0.035) MIN 
90” " = 18 PLACES 
18 PLACES 


0,279 + 0,076 3,17 (0.125) MIN —| }o— 0,457 + 0,076 
(0.011 + 0.003) (0.018 + 0.003) 
18 PLACES 18 PLACES 
(See Notes B and C) (See Notes B and C) 
eo PIN SPACING 2,54 (0.100) T.P. 

0,23 (0.009) (See Note A) 
4 PLACES 


5 e}eg jediueydo|W;\ 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located with 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


N plastic dual-in-line packages (continued) 


20-PIN N 


OOOOOOOOO® 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


7824025 OOO OOOOOO © 


(0.300 + 0.010) 


7,11 (0.280) 
6,61 (0.260) 


24,77 (0.975) 
2,0 (0.080) NOM 23,22 (0.914) 
\¢- 1,78 (0.070) MAX 20 PLACES 


0,84 (0.033) MIN 
16 PLACES 


90° 
20 PLACES \\ 0,36 (0.014) 3,94 (0.155) 0,533 (0.021) 


0,25 10.010) 3.17 10.125) 0,381 (0. 0,381 (0.015) 
20 PLACES c t 1,68 (0.066) PIN SPACING 2,54 (0.100) T.P. 20 PLACES 


(See Note B) 0,22 (0.009) (See Note A) (See Note B) 
4 PLACES 


25,40 (1.000) 
23,62 (0.930) 


ALTERNATE SIDE VIEW 
}¢-1,78 (0.070) MAX 20 PLACES 


5,08 (0.200) gees Sie (See Note C) 
1,91 (0.075) 
1,02 (0.040) 


> 0,84 (0.033) MIN 
4 PLACES 


Oss eam 20 PLACES 


VIEWA MIN 


0,533 0,533 (0.021) 021) 
Parts may be supplied in accordance 3,94 (0.155) le— i » } —| 0,381 0.381 (0.015) 015) 


with the alternate side view at the 3,17 3,17 (0.125) 125) PIN SPACING 2.54 (0.100) T.P. epiines 


option of Tl. European-manufactured 
parts may have pin 1 as shown in 1,27 (0.050) (See Note A) (See Note B) 


view A. Alternate-side-view parts 0,38 (0.015) 
manufactured outside of the USA 4 PLACES 
may have a maximum package length 

of 26,7 (1.050). 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
C. Parts may be supplied with a draft angle of 7° typical at the option of TI. 


Mechanical Data 


= 
NO 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


TEXAS 4 12-33 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


N plastic dual-in-line packages (continued) 


24-PIN NT PLASTIC 


31,8 (1.250) 
28,6 (1.125) 


®™OQOO@OOOOOOY® 


2,4 (0.093) R NOM 


7,62 + 0,25 
(0.300 + 0.010) 2,8 (0.110) NOM 


7,1 (0.280) MAX ea 


Wink 


MIN 
2,0 (0.080) NOM ear eA Eli 24 PLACES 


ee , 14 (0.045) 


ae (0.010) NOM 5,08 (0.200) 
MAX 


— SEATING PLANE 
1,14 (0.045) MIN 
24 PLACES 


TT 


24 aye 0,36 (0.014) 0,533 (0.021) 
4 \— 035 (0.070 25 (0.010) 4,06 (0.160) 0,381 (0.015) 

24 PLACES 3,17 (0.125) 24 PLACES 

(See Note B) 2,16 (0.085) (See Note B) 


577 0028) ae SPACING 2,54 (0.100) T.P. 
4 PLACES Pua teore A 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


s jeg jeolueYyooyy 
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MECHANICAL DATA 


VLSI MEMORY MANAGEMENT PRODUCTS 


N plastic dual-in-line packages (continued) 


24-PIN NW PLASTIC 
32,8 (1,290) MAX 


OY OB@ADOH@OODOOO® 


2,4 (0.093) R NOM 


€ 2,8 (0.110) NOM 
15242025 © 
(0,600 + 0.010) 


140 (0.560) CIOIOKOLOIGIOVOIOLOLOIS 
Le ty 


2,0 (0.080) NOM 
25 (0.010) NOM =| pe (0.070) MAX 24 PLACES 
] } q 


3D ls PRUE rae I ee 
WY 7 5,08 (0.200) MAX 
105° | 
“90° 24 PLACES : 


0,28 + 0,08 —>\\*— te 0,83 (0.033) MIN “A 
0,457 + 0,076 


3,17 (0.125) MIN 
(0.011 + 0.003) 24 PLACES 24 PLACES 
24 PLACES 2,42 (0.095) MAX 
(See Note B) (0.018 + 0.003) 4 PLACES 
24 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note B) (See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


28-PIN N PLASTIC 


36,6 (1.440) MAX 
aggasaans 


EITHER OR BOTH 
INDEX MARKS 


15,24 + 0,25 


¢ ¢ 
(0.600 + 0.010) 
0,51 (0.020) 
MIN 


SEATING PLANE 
105° ! 


90° 0,28 + 0,08 


—*\* (0.011 + 0.003) 


Si BE 
5,08 (0.200) MAX 


3,17 (0.125) MIN 


0,84 (0.033) MIN 
1,27 + 0,51 
(0.050 + 0.020) 
1,52 (0.060) NOM 


0,46 + 0,08 L 
(0.018 + 0.003) 
PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
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MECHANICAL DATA 
VLSI MEMORY MANAGEMENT PRODUCTS 


N plastic dual-in-line packages (continued) 


40-PIN N PLASTIC 


EITHER OR BOTH 
INDEX MARKS 


€ 15,24 + 0,25 
(0.600 + 0.010) 


0,51 (0.020) 
MIN 


— SEATING PLANE —g— 


0,28 + 0,08 0,457 + 0,076 


(0.011 + 0. ‘003) “{ (0.018 + 0. ‘003) ! | 0,84 (0.033) MIN 


PIN SPACING 2,54 (0.100) T.P 2,41 (0.095) 
(See Note A) <6 1,40 (0.055) 


B MAX 


PIN SPACING IS 2,54 (0.100) T.P. 
(See Note A) 


At om 25 (0.010) 15,24 (0.600) | 15,24 (0.600) | 22,86 (0.900) 
B MAX 62,2 (2.45) 67,3 (2.65) 81,3 (3.20) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


- 
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MECHANICAL DATA 


IC SOCKETS 


INTRODUCTION 


Texas Instruments has developed solutions for today’s high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world’s largest suppliers of multimetal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 


During the last decade, Tl has produced one of the largest IC socket families. TIl’s sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. 


Our sockets are designed for: 


@ easy and efficient hand assembly 


@ compatibility with automatic assembly equipment 
@ maximum performance and board density 


This section provides information on the following types of IC socket products. 


Specially formulated alloys give the Tl contact springs: 


PRODUCTION SOCKETS 
Plastic Leaded Chip Carrier 


Single-in-Line Packages 
Pin-Grid Arrays 
Dual In-Line 


Dual In-Line 0.070-inch spacing 


Quad In-Line 


BURN-IN/TEST SOCKETS 
Plastic Leaded Chip Carrier 


Pin Grid Array 
Small Outline 
Dual In-Line 


Dual In-Line 0.070-inch spacing 


Small Outline 
Quad 


@ Low Contact Resistance 
@® High Contact Strength (to stand up to repetitive insertions and withdrawals) 


@ High normal forces assure gas-tight reliability 


A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 


economical price. 


Additional information on these and other T! products, including pricing and delivery quotations, may be obtained 


TYPE 

PLCC 

SIP 

PGA 

DIP 

Shrink Pack 
QUIP 


TYPE 

PLCC 

PGA 

J Lead 

DIP 

Shrink Pack 
Flat Pack 
Flat Pack 


from your nearest authorized TI Distributor, Tl Sales Representative or: 


Texas Instruments Incorporated 


Connector Systems Department, MS 14-3 


Attleboro, Massachusetts 02703 


Telephone: (617) 699-5242/5375 
TELEX: 92-7708 


js Mechanical Data 
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MECHANICAL DATA 
IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G max 

Shock: 100 G max 

Insertion force: 0.59 Ibs per position typ 

Withdrawal force: 0.25 Ibs per position typ 

Normal force: 200 g min, 450 g typ 

Wipe: 0.075 in min 

Durability: 5 cycles min 

Contact retention: 1.5 Ibs min 


Electrical 

Current carrying capacity: 1 A per contact 
Insulation resistance: 5000 MQ min 

Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1 pF max 


Environmental 

Operating temperature: 

Operating: — 40°C to 85°C 

Storage: —40°C to 95°C 

Temperature cycling with humidity: will conform to final EIA 
specifications 

MATERIALS 

Body — Ryton R-4 (40% glass) UL 94 V-O rating 

Contacts — CDA 510 spring temper 

Contact finish — 90/10 tin/lead (200 pin — 400 yin) over 
40 yin copper 


Extraction tool available, consult factory 
Contact factory for detailed information 


PLASTIC LEADED CHIP CARRIER CPR SERIES 


34 36 «238 
. ° e 


33 (36 37 
° ° ° 


68-Pin shown 


NOTE: Socket electrical pin-out pattern represents component side 


of P.C.B. layout. (TYP. counter clockwise numbering pin- 
out system.) 


90° TYP 0,63 
2,54 (0.100) (0.025) 
TYP 3,18 
(0.125) 


ie . ————— DEVICE GUIDE 
BARRIERS _ 


UNIQUE, HIGH 
NORMAL FORCE 
CONTACT 


EASILY 
AUTO INSERTED 


CLOSED BOTTOM 
DESIGN 


PART NUMBER SYSTEM 


CPR PH 
ees surface 1 — tin/lead 
plating 
Contact spacing 1 - 0.050 in 


Number of pos (044, 052, 068, 084) 
Plated thru hole, solder tail 
Ti socket Series 
Plastic leaded chip carrier 


STANDOFF 


2,54 
(0.100) TYP 


2,54 
(0.100) TYP 


- 
Bis RE ee Ber ee Se) 
| 44 | oss: | w.400 | o.oo 
(0.844) | (0.700) | (0.500) 
52 | oes 
(0.944) | (0.800) | (0.600) 
[08 | isisey | 600 | soo 
(1.144) | (1.000) | (0.800) 
8a 34,14 30,48 
(1.344) | (1.200) | (1.000) 


Dimensions in parentheses are in inches 


84 
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MECHANICAL DATA 
I€ SOCKETS 
PLCC BURN-IN/TEST 


PRODUCT FEATURES 

Can be loaded by top actuated insertion or press-in 
insertion, either manually or automatically 

High reliability due to high pressure contact point 

Open body and high stand-off design provide high efficiency 
in heat dissipation 

High durability up to 10,000 cycles 

Compact design 


PERFORMANCE SPECIFICATIONS 


Mechanical ; 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 10,000 cycles 10 mQ2 max contact resistance 
change 

Insertion force: Zero g 

Withdrawal force: Zero gt 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ per MIL-STD 202, 
Method 302, Condition B 

Dielectric withstanding voltage: 500 V ac rms per 
MIL-STD 202, Method 301 

Environmental 

Thermal shock: 100 cycles, —25°C to +150°C 

Temperature soak: 150°C for 48 hours 

Operating temperature: —40°C to +150°C 


MATERIALS 

Body — ULTEM glass filled (UL 94 V-0O) 

Contact — copper alloy 

Plating* — overall gold plate 4 pin over min 70 pin 
nickel plating ; 


TAfter IC is unlocked from the socket 


+For additional plating options contact factory 
For complete test report contact the factory 


PLCC BURN-IN/TEST SOCKETS CPJ SERIES 


1,27 (0.050) 


LE 3,81 (0.150) 


12,90 (0.507) 


Dimensions in parentheses are inches 
Contact factory for detailed information 


PART NUMBER SYSTEM 
CPJ XX XX X -— XXX —- B 


a ii Number of contacts 
Pitch 


A = 0.050 


Contact finish 
33 = overall gold plate 


Material 
AA = copper alloy 


Tl Burn-in PLCC series 


18 PIN FOOTPRINT SHOWN 


2,54 
(0.100) 


1,27 (0.050) 
2,54 ak dts 
(0.100) | © 

ee 13,00 


2,54 
(0.100) 


SIZES: 18 PIN 
22 PIN 


14,00 (0.551) 


3,00 (0.118) 


0,50 cue JL 0,35 


(0.020) (0.014) 


8 Mechanical Data 
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MECHANICAL DATA 
iC SOCKETS 
SINGLE-IN-LINE PACKAGE SOCKETS 


PERFORMANCE SPECIFICATIONSt 


LEADLESS os 
Mechanical SINGLE-IN-LINE . AUTOMATIC — 
Vibration: MIL-STD-202 PACKAGE MODULE RETENTION 


Durability: 30 cycles (SIP) MODULES 


Insertion force: Zero g 

Withdrawal force: Zero gt 

Contact (normal) force: 200 g min 

Contact retention force: 2 Ibs per circuit min 


Electrical 

Contact rating: 1 A 

Contact resistance: 30 mQ max initial 
Insulation resistance: 1000 MQ at 500 dc 
Dielectric strength: 1500 V ac rms ZERO INSERTION FORCE, 


Capacitance: 2 pF max HIGH NORMAL FORCE CONTACT 
TValues may vary due to test sequence and SIP module 

configuration PART NUMBER SYSTEM 
+ After module is unlocked from the receptacle TS8X XX XX X —XX — XX 
For a complete test report, please contact factory 


Environmental Variations 

(20 mQ max contact resistance change after all tests) 00 — standard 

Operating and storage temperature: —40°C to 100°C product 

Humidity: MIL-STD 202, Method 106D, 10 days 

Temperature soak: 85°C for 160 hours 

Thermal Shock: 5 cycles, —40°C to 85°C per 
MIL-STD 202, Method 107E 


AND SUPPORT 


HIGH TEMPERATURE 
MOLDED BODY 


POLARIZING/ 
MOUNTING POST 


Size 
(number of 
contacts per row) 


MATERIALS Housing material 
Body — PES polyether sulfone, glass filled, UL 94 V-O A — PES 
_ li 1 ; ph il 
eee Beryllium copper C1 7000; phosphor bronze alloy Dakteat bade mamnelolatin 
gx : ite 3 01—C17000/30 yin gold 
Contact finishes — Post plate min 200 pin tin/lead over min 02—CA510/30 yin gold 
50xzin nickel overall pres 03—C17000/200 yin tin/lead 
Post plate min 30 yin hard gold over min 75 yin nickel overall 04—CA510/200 yin tin/lead 


For additional plating options contact the factory. Contiguiationiow4oiner deadic 


01—single row/N/A 
03—dual row/0.300 in 


04—dual row/0.400 in 
DUAL ROW VERTICAL 05 —dual row/0.500 in 


Series number denotes 
O—0.100 in pitch, vertical mount 
1—0.100 in pitch, low-profile (25°) mount 


Consult factory for availability of configurations, materials, and 
sizes. 


SINGLE ROW LOW PROFILE 


1,10 
(0.043) 


5 ejeq jeoueyooyy 


BS Eee 
30 96,52 | 73,66 | 82,14 | 89,28 | 80,52 | 92,71 2,79 3,86 
(3.800) | (2.900) | (3.234) | (3.515) | (3.170) | (3.650) | (0.110) | (0.152) 


Contact factory for detailed information Dimensions in parentheses are in inches 
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MECHANICAL DATA 
iC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.015 in to 0.021 in diameter 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.002 in each 
direction ; 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition Ill 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 

Durability: 5 cycles, 10 mQ max contact resistance change 
per MIL-STD 1344, Method 2016 

Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 
diameter test pin 

Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 
diameter test pin 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 1000 V ac rms 
per MIL-STD 1344, Method 3001.1 

Capacitance: 1 pF max per MIL-STD 202, Method 305 


Environmental 

Operating temperature: —65°C to 125°C, gold; —40°C to 
100°C, tin/lead 

Corrosive atmosphere: 10 mQ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mQ max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mQ_ max contact resistance change 
when exposed to 105°C temperature for 48 hours 


MATERIALS 

Body — PBT polyester UL 94 V-O 

On request, G10/FR4 or Mylar film 

Outer sleeve — Machined Brass (QQ-B-626) 

Inner contact — Beryllium copper (QQ-C-530) heat treated 
Plating: (specified by part number) 


PIN GRID ARRAY 


©OOO(|OO OO 
(OROROROR I ORORORO) 
©O©OQOO||OOOO 
©O©OQDOO||OOO®@& 


1,3/2,0 


(0.05/0.08) TYP 0.10/0.12) (0.100) TYP NONCUMULATIVE 


Ss 


2,67/3,61 
(0.105/0.150) 


3,6/4,6 
(0.14/0.18) 


1,35 


(0.021) DIA (0.053) DIA 


PRECISION 
MACHINED 
SLEEVE 


PRECISION 
_ SIX-FINGERED 
INNER CONTACT 


Inner contact — 30 pin gold over 50 yin nickel or 100 xin 
tin/lead over 50 yin nickel 

Outer sleeve — 10 yin gold over 50 yin nickel or 50 pin 
tin/lead over 50 yin nickel 


PART NUMBER SYSTEM 


C X G XX — XXX X X— XK X 


Pin Length 


WIRE WRAP | SOLDER TAIL 
3-0.510 long | 9-0.105/0.150 


Plating . 


| PIN | Sleeve | Clip | 
Gold Gold 
Ce | ieee 


Body Style and Orientation 


Pin Contact Loading Pattern 
Grid 
Array 


Number of Pins 
024 to 324 


Overall Grid Size 
5x5=05 to 18x 18=18 


BODY MATERIAL 
G — Glass Filled Epoxy 
P — PBT Polyester 


Ti Socket 


Insulator Size 


(0.950) 24,13 (0.800) 20,32 
(1.050) 26,67 (0.900) 22,86 
(1.150) 29,21 (1.000) 25,40 
(1.250) 31,75 (1.100) 27,94 
(1.350) 34,29 (1.200) 30,48 
(1.450) 36,83 (1.300) 33,02 
(1.550) 39,37 (1.400) 35,56 
(1.650) 41,91 (1.500) 38,10 
(1.750) 44,45 (1.600) 40,64 
(1.850) 46,99 (1.700) 43,18 


tTNoncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 
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MECHANICAL DATA 
IC SOCKETS 
SOJ BURN-IN/TEST 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 10,000 cycles, 20 mf max contact resistance 
change 

Insertion force: 1.3 oz per position max 

Withdrawal force: 8.8 grams per position min 

Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 m2 max initial 

Insulation resistance: 1000 MQ per MIL-STD 202, 
Method 302, Condition B 

Dielectric withstanding voltage: 700 V ac rms per 
MIL-STD 202, Method 301 

Environmental 

Thermal shock: 100 cycles, —25°C to +180°C, 1 hour 

Temperature soak: 180°C for 1000 hours, 80 m2 max 
change 

Operating temperature: —65°C to +180°C 


MATERIALS 

Body — PES glass filled UL 94 V-O 

Contact — copper alloy 

Plating — overall gold plate min 4 pin over min 70 yin nickel 


plating 


ae 


13,50 (0.531) 


3,00 
(0.118) 


2.53 > > 
(0.099)| 0.40 (0.016) 1,27 (0.050) 
15,24 (0.600) Mere 


SS 
+——20,3 (0.800) ______——_ (0.099) 


02 VERSION SHOWN 


K NO. 1 PIN 


le 17.4 (0.685) 


Dimensions in parentheses are inches 
Contact factory for detailed information 


PART NUMBER SYSTEM 


CSJT XXX _ XX _ XX Xx 


Body Material 
Blank = G.F. PES 
A = PPS R4-03 
B:. = G.F.-PEI 


Body Variation 


02 = Standard 1 forward/ 
backward insertion 


03 = Special/orientation pin 

04 = Special/high standoff 

O5 = Special/24-pin 

O06 = Standard 2 forward 
insertion, BECU 


Contact Finish 
37 = Overall gold plate 4 yin 
38 = Overall gold plate 30 yin 
Selective gold plate 4 yin 
58 = Selective gold plate 30 yin 


ol 
~ 
i} 


Number of Contacts 
Ti SOJ series 


SIZES: 20 pin 
26 pin 


20-PIN (02 VERSION) FOOTPRINT SHOWN 


0.80 2.54 
4 Kw (0.032) (0.100) 


' | 
—® e-—® 

| 

| 


| 
-@——@-+ e —® 
| | 


i 

—® 
6.86 (0.27010) 
1,94 (0.470) > 


@ 
— om 
| N 
ge 
! 
y 
. 
—@® — Lf. s 
| 
[ 


-¢ ® 
i 


| 
| 
® ® Ge Oe 
hae Aa 
100) 
(0.050) 0.190) 
NO. 1 PIN 


sis 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


MECHANICAL DATA 
IC SOCKETS 
DUAL-IN-LINE 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.011 
0.018 + 0.003 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.003 in each 
direction 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition Ill. ; 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 


+ 0.003 in by 


Durability: 5 cycles, 10 mQ max contact resistance change - 


per MIL-STD 1344, Method 2016 
Insertion force (C7X and C86): 16 oz (454 g) per pin max 
Withdrawal force: (40 g) per pin min 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003 

Dielectric withstanding voltage: 1000 V ac rms per 
MIL-STD 1344, Method 3001.1 

Capacitance: 1 pF max per MIL-STD 202, Method 305 


Environmental 

Operating temperature: 
to 100°C, tin 

Corrosive atmosphere: 10 mQ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mQ_ max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 m2 max contact resistance change 
when exposed to 105°C temperature for 48 hours 


Materials (C7X and C86) 

Body — PBT polyester UL 94 V-O 

C7X Contacts — Outer sleeve: brass 

Clip: BECU 

Contact finish — clip 30 pin gold over 50 yin nickel or 
50 yin tin/lead over 50 yin nickel 

— sleeve 10 nin gold over 50 pin nickel 
or 50 yin tin/lead over 50 yin nickel 

C86 Contacts — Phosphor bronze base metal 

C86 Contact-finish — Tin plate 200 yin over copper flash 


— 55°C to 125°C, gold; —40°C 


Specified by 
Part Number 
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C7X SERIES — SCREW MACHINE 


WIDE-TAPERED 
ENTRY 


PRECISION 


PRECISION 
FOUR-FINGERED MACHINED 
CONTACT SLEEVE 
C7X SERIES — SCREW MACHINE 
PART NUMBER SYSTEM 
C7X (X) XX — x 4 
eS Variations 
Solder Tail: 9 
Pin length 0.125 Typ 
Wire Wrap: 3 


Pin length 0.510 


Plating (Sleeve/Clip) 
O — Gold/Gold 
5 — Tin/Gold 


Number of 
Positions 


S — Single-in-line package (where applicable) 


Screw Machine Socket 
1 — wire wrap 
2 — solder tail 


C86 BEES _ See AND FORMED 


_,WIDE-ENTRY 
WINDOW 


DUAL BEAM 
. FACE WIPE 
HIGH RELIABILITY 
GAS-TIGHT 
CONTACT 


C86 SERIES 
PART NUMBER SYSTEM 


ae Variation 
01 — Standard product 
Number of positions 


86 
e Tin Dual Beam Face Wipe 


Tl Socket Series 
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MECHANICAL DATA 
IC SOCKETS 
DUAL-IN-LINE 


DUAL-IN-LINE C7X SERIES 
C7X AND C86 SERIES 


3,05 | 


(0.120) MAX (0.165) 


1,35 2,67 
3,61/4,57 (0.053) 0.53 whe (0.105) MIN 
(0.142)/(0.180) (0.021) DIA 
0.65 pia 1,35 sol 
(0.025) (0.053) ‘ ke-0,53 (0.021) DIA 


C86 SERIES 
CONTACT POINT 


——r 


TI MW ace fast 
(0.169) 
2,54 (0.100) TYP R Wgay 
f 2,29/3,81 
DIPS Rye ptte (0.115)/(0.150) 
: 
S 0.17 oll, 
: (0.007) 
a 
£ 
a) 


e[elesiealeles (100 
(0.300)} (0.200)}(0.400)] (0.300 
eae et 
(0.400)| (0.300)} (0.400)| (0.300 
4 | 700} 6600) 0400) 0.300 
(0.700) (0.600) (0.400) D200 
6 | 00} 0700). 400) 0.30 
(0.800) (0.700) (0.400) (0 ae 
|e slat 
(0.900) (O0.800)} (0.400) (0.300) 
|e Slee 
(1.000)} (0.900)} (0.400)} (0.300) 
| esi 
(1.100)} (1.000)}(0.500)| (0.400) 
24 | 200) 100) 0.700) 0.600 201.000 [0 
(1.200) (1.100) (0.700) (0.600) ; : 
easiest tt 
ae 200 y(t. 100 (0.400 (O. 300 
TNonstandard sizes 


Not all sizes available in each series 
Dimensions apply to all series 


wo 
8 
o 
+1 
ae 
é 


= a) 
= Dim B +0.005 


ra abi Be 
3 8\3 
oom 
Sx oF 


on 
eh a 
3 fle 
= 


va 
° 
@ 
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> 
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ao 
Ow 
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— 
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Dimensions in parentheses are inches 
Contact factory for detailed information 
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MECHANICAL DATA 
IC SOCKETS 
BURN-IN/TEST DIP 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.011 in by 0.018 in 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hold size range: 0.032 in to 0.042 in 

Durability: 10K cycles — CM Series, 5K cycles — CP/CQ 

Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ at 500 V dc 

Dielectric withstanding voltage: 1000 V ac rms 

Capacitance: 1 pF max per MIL-STD 202, Method 305 

Environmental 

Operating temperature: — 65°C to 170°C — CP/CM Series, 
—65°C to 150°C — CQ Series 

Humidity: 10 mQ max contact resistance 

Temperature Soak: 10 m2 max contact resistance change 


MATERIALS 

Body — PPS (polyphenylen sulfide) UL 94 V-O 
Contacts — Higher performance copper nickel alloy 
Plating: t 4 yin of gold min over 100 yin of nickel min 


TFor additional plating options consult the factory 


BURN-IN/TEST DIP SOCKETS 


3,30 
(0.130) 
| | . 2,54 
- (0.100) 
SOLDER TAIL 


288. kA 
(0.100) ej} e— 


CP37 SERIES 


CQ37 SERIES 
bs 
| he 
0.51 
(0.020) MAX 
(0.020) , 3.20 
3,99 (0.118) (0.126) (0.570) 
(1.57) 
CM37 SERIES 
6,50 
(0.256) 2 0,51 
(0.020) 
ae 
‘11.99 
4 (0.472) 
0,53 ee : ES & <o8 
(0.021) (0.070) (0.137) 
0.50 
(0.020) 


PART NUMBER SYSTEM 
C X 37 XX — 22 S 


Xx 
(Wes Pin to pin 
A—0O.100 centers 
B—0O.070 centers 
PPS high temperature 
body material 


Copper nickel alloy 
Soldertail 


Number of positions 
Overall gold plate 


Series Features 

Q— Auto unloadable 

P — High density mounting 
M—Shrink 0.070 centers 


Ti Socket Series 


CQ37 SERIES 


A D B 
+0.01 +0.02 +0.01 
Length Contact 

20,32 (0.800) 

22,35 (0.880)| 12,70 | 15,24 | 7,62 
24,89 (0.980) | (0.500) | (0.600) | (0.300) 
27,43 (1.080) 


Number of 
Positions 


32,51 (1,280) 
37,59 (1.480)| 19,05 | 22,86 | 15,24 
52,83 (2.080) | (0.750) | (0.900) | (0.600) 
55,37 (2.180) 


CP37 SERIES 


11,68 (0.460) 

17,78 (0.700) | 765 | 49.70 
20,32 (0.800) (0.300) ‘| (0.500) 
22,86 (0.900) | 
25,40 (1.000) 


30,48 (1.200) | 1, 54 | 9032 
35,56 (1.400) | (4 go) | (0.800) 
50,80 (2.000) 


CM37 SERIES 


Number of A B Cc 
Positions + 0.016 +0.02 | +0.016 
Length Width 


10,67 | 17,20 
beh as, 27,18 (1.070) | (4 490) | (0.677) 
40 | 


Number of 
Positions 


aod, 


fs Mechanical Data 


37,85 (1.490) 16.51 

42 39,62 (1.560) (0 650) 
54 50,29 (1.980) : 

20,32 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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MECHANICAL DATA 
IC SOCKETS 


RBBB AL RS DEAE ORDER ET RRL Ec i SLE i I HD TR TE EAE CE BN SO SEE AT TEE BP IS LTS, 


For more information contact your 
local distributor or contact TI directly: 


Texas Instruments Incorporated 


CSD Marketing, MS 14-1 
Attleboro, MA 02703 


(617) 699-5242/5269 


Field Sales Offices 


UNITED STATES 


California 

Irvine 91714 

17891 Cartwright Road 
Phone: (714) 660-8111 


San Diego 92123 
4333 View Ridge Ave., Suite B 
Phone (619) 278-9600/9603 


Torrence 90502 

9505 Hamilton St. 
Bidg. A, Suite One 
Phone: (213) 217-7000 


Georgia 

Norcross 30092 

5515 Spaulding Drive 
Phone: (404) 662-7861/7931 


Massachusetts 

Attleboro 02703 

34 Forest Street, MS 10-6/MS 14-3 
Phone: (617) 699-5206/1278/5213 


North Carolina 
Charlotte 28210 

8 Woodlawn Green 
Suite 100 

Phone: (704) 527-0930 


Texas 

Dallas 75265 

7800 Banner Drive, MS 3936 
Phone: (214) 995-7550/7547/7548 


Texas Instruments provides customer 
assistance in varied technical areas. Since 
Tl does not possess full access to data 
concerning all of the uses and applications 
of customers’ products, responsibility is 
assumed by TI! neither for customer 
product design nor for any infringement of 
patents or rights of others, which may 
result from TI assistance. 
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INTERNATIONAL 


Australia 

Texas Instruments Australia, Ltd. 
P.O. Box 63 

Elizabeth, South Australia 5112 
Phone: 61-8-255-2066 


England 

Texas Instruments, Ltd. 
Beffordia House 

Prebend Stsreet 

Bedford MK41 7PA 
Phone: (0234) 63211, Ext. 1 


France 

Texas Instruments, Ltd. 
Metallurgical Materials Division 
8-10 Avenue Morane Saulnier 
78140 Velizy-Villacoublay, Paris 
Phone: 333. 946. 9712 


Hong Kong 


Texas Instruments Asia, Ltd. 
Asia Pacific Division 

8th Floor, World Shipping Centre 
Harbor City 7, Canton Road 
Kowloon, Hong Kong 

Phone: 852-3-722-1223 


Italy 

Texas Instruments Italia SPA 
Viale Europa, 40 

1-20093 Cologno Monzese 
Milano 

Phone: 011-39-2-25.300.1 
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Japan 7 
Texas Instruments Japan, Ltd. 
305 Tanagasnira 

Oyama-Cho 

Suntoh-Gun, Shizuoka-Ken 
Japan 410-13 

Phone: (81) 550-81211 


Mexico 

Texas Instruments de Mexico, SA 
Av. Reforma No. 450-10 Piso 

Col. Juarez 

Delegacion: Cuauhtemoc 

Mexico City, D.F. 

Mexico 06600 

Phone: 52-5-514-3583 


Singapore 

Texas Instruments Asia 
#02-08, 12 Lorong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 

Republic of Singapore 
Phone: 65-747-2255 


Taiwan 

Texas Instruments Supply Co. 
Taiwan Branch 

Bank Tower 

Room 903, 205 Tun Hwa N. Road 
Taipei, Taiwan 

Phone: 886-2-713-9311 


West Germany 

Texas Instruments Deutschland GMBH 
Metallurgical Materials Div. 
Rosenkavalierplatz 15 

D-8000 Muenchen 81 

Phone: 011-49-89-915081 


ESD Guidelines 


ESD Guidelines 


~* 
Noel 
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SCOPE 


Guidelines for Handling Electrostatic-Discharge Sensitive (ESDS) 
Devices and Assemblies 


This specification establishes the requirements for methods and materials used to protect electronic parts, devices, and 
assemblies (items) susceptible to damage or degradation from electrostatic discharge (ESD). The electrostatic charges referred 
to in this specification are generated and stored on surfaces of ordinary plastics, most common textile garments, ungrounded 
people’s bodies, and many other commonly unnoticed static generators. The passage of these charges through an electrostatic- 
sensitive part may result in catastrophic failure or performance degradation of the part. 


The part types for which these requirements are applicable include, but are not limited to, those listed: 


1) All metal-oxide semiconductor (MOS) devices, e.g., CMOS, PMOS, etc. 

2) Junction field-effect transistors (JFET) 

3) Bipolar digital and linear circuits 

4) Op Amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or other MOS 


elements 


5) Hybrid microcircuits and assemblies containing any of the types of devices listed 
6) Printed circuit boards and any other type of assembly containing static-sensitive devices. 


Definitions 


WN — 


8. 


. Antistatic material: ESD protective material having a surface resistivity between 109 and 10!4 Q/square. 

. Static dissipative material: ESD protective material having surface resistivity between 105 and 109 Q/square. 
. Conductive material: ESD protective material having a surface resistivity of 105 Q/square maximum. 

. Electrostatic discharge (ESD): A transfer of electrostatic charge between bodies at different electrostatic potentials 


caused by direct contact or induced by an electrostatic field. 


. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length and 


unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface resistance between 
two electrodes forming opposite sides of a square. The size of the square is immaterial. Surface resistivity applies 
to both surface and volume conductive materials and has the dimension of 0/square. 


. Volume resistivity: Also referred to as bulk resistivity. It is normally determined by measuring the resistance 


(R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 


. Ionizer: A blower that generates positive and negative ions, either by electrostatic means or by means of a radioactive 


energy source, in an airstream, and distributes a layer of low velocity ionized air over a work area to neutralize 
static charges. | 
Close proximity: For the purpose of this specification, is 6 inches or less. 


Device Sensitivity per Test Circuit of Method 3015, MIL-STD-883 


Devices are categorized according to their susceptibility to damage resulting from electrostatic discharge (ESD), and 
the type packaging required to adequately protect them. 


1) Device electrostatic sensitivity: 


Category ESD Sensitivity (V) Minimum Protective Packaging 
A 20-2000 Antistatic Magazine & Conductive Bag/Box 
B > 2000 Antistatic Magazine & Antistatic Bag 


2) Devices are to be categorized by their sensitivity 
3) Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, test and 


shipment of completed equipment. | 
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APPLICABLE REFERENCE DOCUMENTS 


The following reference documents (of latest issue) can provide additional information on ESD controls. 


1) MIL-M-38510 Microcircuits, General Specification 

2) MIL-STD-883 Test Methods and Procedures for Microelectronics 

3) MIL-S-19491 Semiconductor Devices, Packaging of 

4) MIL-M-55565 Microcircuits, Packaging of 

5) DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection 
6) DOD-STD-1686_ Electrostatic Discharge Control Program 

7) NAVSEA SE 003-11-TRN-010 Electrostatic Discharge Training Manual 


FACILITIES FOR STATIC-FREE WORK STATION 


The minimum acceptable static-free work station shall consist of the work surface covered with an ESD protective material 
attached to ground through a 1 MQ +10% resistor, an attached grounding wrist strap with integral 1 MQ + 10% resistor 
for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap shall be connected to the ESD 
protective material. Ground shall utilize the standard building earth ground, refer to Figure 1. Conductive floor tile along 
with conductive shoes may be used in lieu of the conductive wrist straps. The Site Safety Engineer must review and approve 
all electrical connections at the static-free work station prior to its implementation. 


Air ionizers shall be positioned so that the devices at the static-free work stations are within a 4-foot arc measured by 
a vertical line from the face of the ionizer and 45 degrees on each side of this line. 


General grounding requirements are to be in accordance with Table 1. 


ESD PROTECTIVE 
PERSONNEL TRAYS, ETC. 
GROUND STRAP 
ESD PROTECTIVE 
le TOP 
eS 


CHAIR 
WITH GROUND 


(OPTIONAL) ESD PROTECTIVE 
FLOOR MAT 
(OPTIONAL) 


BUF COT Seen oz a 
"BUILDING eFLOOR 


$8 AS 5° BOS 
oe abe Bo Sa oP? 
pe ee Os GR N Oo 20 Dae 20 On oe “goo eNO An NE -0: 
2 Oe sO cen Boo Osi: Lele eng OW. OSs Ont oes °350 one BOs ie MEG $7 210% 1/2 W.!0 


All electrical equipment sitting on the conductive table top must be hard grounded but must be isolated from the conductive 
table top. 


NOTE: Earth ground is not computer ground or RF ground or any other limited type ground. 


Figure 1. Static-Free Work Station 
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Table 1. General Grounding Requirements 
TREATED WITH ANTISTATIC SOLUTION GROUNDED TO 
OR MADE OF CONDUCTIVE MATERIAL COMMON POINT 
x pte 
X 


X Using Wrist Strap 


Personnel 


*With 1 MQ + 10% resistor 
Usage of Antistatic Solution in Areas to Control the Generation of Static Charges 


The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESD program. Any antistatic 
chemical application shall be considered as a means to reduce or eliminate static charge generation on nonconductive materials 
in the manufacturing or storage areas. 


The application of any antistatic chemical in a clean room of class 10,000 or less shall not be permitted. Accordingly, 
any user of antistatic solutions must consider the following precautions: 


1. Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, or equipment. 
2. Do not perform antistatic chemical applications in any area when bare chips, raw parts, packages, and/or personnel 
are exposed to spray mists and evaporation vapors. 


The need for initial application and frequency of reapplication can only be established through routine electrostatic voltage 
measurements using an electrostatic voltmeter. The following durability schedule is a reasonable expectation. 


1) Soft surfaces (carpet, fabric seats, foam padding, etc.): each 6 months or after cleaning, by spraying. 

2) Hard abused surfaces (floors, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, by 
wiping or mopping. 

3) Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, by wiping 
or spraying. 

4) Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or adding antistatic 
concentrate to final rinse water when cleaned. 


The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, and 
requirements shall be the responsibility of the Area Supervisor where antistatic chemicals are used. 


ESD Labels and Signs in Work Areas 
ESD caution signs at work stations and labels on static-sensitive parts and containers shall be consistent in color, symbols, 


class, and voltage sensitivity identification, and appropriate instructions. Signs shall be posted at all work stations performing 
any handling operations with static-sensitive items. These signs shall contain the following information. 


CAUTION 
STATIC CAN DAMAGE COMPONENTS 


Do not handle ESDS items unless grounding wrist strap is properly 
worn and grounded. Do not let clothing or plain plastic materials 
contact or come in close proximity to ESDS items. 


Labels shall be affixed to all containers containing static-sensitive items at a place readily visible and proper for the intended 
purpose. Additionally, labels must be consistently placed on containers and packages at a standard location to eliminate 
mishandling. Use only QC accepted and approved signs and labels to identify static-sensitive products and work areas. The 
use of ESD signs and labels, and their information content shall be the responsibility of the Area Supervisor to assure consistency 
and compatibility throughout the static-sensitive routing. 
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Relative Humidity Control 


Since relative humidity has a significant impact on the generation of static electricity, when possible, the work area should 
be maintained within the following relative humidity ranges: incoming/assembly/test/storage 50%-65 % (ref. Ashrae, 55—74), 
within +5% to avoid static voltage monitor variations. 


PREPARATION FOR WORKING AT STATIC-FREE WORK STATION 


A work station with a conductive work surface connected to ground through a 1 MQ + 10% resistor, a grounding wrist 
strap with the ground wire connected to the conductive work surface, and an ionizer constitute a static-free work station 
(Figure 42). An operator is properly grounded when the wrist strap is in snug (no slack) contact with the bare skin, usually 
positioned on the left wrist for a right-handed operator. The wrist strap must be worn the entire time an operator is at a 
static-free work station. The operator should first touch the grounded bench top before handling static-sensitive items. This 
precaution should be observed in addition to wearing the grouding wrist strap. If possible, operators should avoid touching 
leads or contacts even though grounded. 


CAUTION 


Personnel shall never be attached to ground without the presence 
of the 1 MQ +10% series resistor in the ground wire. 


An operator’s clothing should never make contact or come in close proximity with static sensitive items. They must 
be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long sleeves must 
be rolled up or covered with antistatic sleeve protector banded to the bare wrist which shall ‘‘cage’’ the sleeve at least as 
far up as the elbow. Only antistatic finger cots may be used when handling static-sensitive items. 


Any person not properly prepared, while at or near the work station, shall not touch or come in close proximity. with 
any static-sensitive items. It is the responsibility of the operator and the Area Supervisor to ensure that the static-free work 
area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, plastic cosmetic 
bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastic purses. All work-related items, including 
information sheets, fluid containers, tools, and parts carriers must be those approved for use at the static-free work station. 


GENERAL HANDLING PROCEDURES AND REQUIREMENTS 


1. All static-sensitive items must be received in an antistatic/conductive container and must not be removed from 
the container except at static-free work station. All protective folders or envelopes holding documentation (lot 


travelers, etc.) shall be made of nonstatic-generating material. 
DEVICES 
DO NOT OPEN OR HANDLE ~ 
EXCEPT ATA 


2. Each packing (outermost) container and package (internal or intermediate) shall have a bright yellow warning 
ELECTROSTATIC 
STATIC-FREE WORKSTATION 


label attached, stating the following information or equivalent: 
t y SENSITIVE y 


The warning label shall be legible and easily readable to normal vision at a distance of 3 feet. 

3. Static-sensitive items are to remain in their protective containers except when actually in work at the static-free 
station. 

4. Before removing the items from their protective container, the operator should place the container on the conductive - 
grounded bench top and make sure the wrist strap fits snugly around the wrist and is properly plugged into 
the ground receptacle, then touch hands to the conductive bench top. 

5. All operations on the items should be performed with the items in contact with the grounded bench top as much 
as possible. Do not allow conductive magazine to touch hard grounded test gear on bench top. 
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. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used. 
. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe strap 


may be used along with conductive tile/mats. 


. When the operator moves from any other place to the static-free station, the start-up procedure shall be the 


same as in PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 


. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, and shall 


be in operation during the entire time period the items are at the station. 

‘*Plastic snow’’ polystyrene foam, ‘‘peanuts,’’ or other high-dielectric materials shall never come in contact 
with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as evidenced 
by pink color and generation of less than + 100 volts). : 
Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers made 
of untreated plastic material unless items are protectively packaged in conductive material. 


PACKAGING REQUIREMENTS 


Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item 1). The use of tape and plain 
plastic bags is prohibited. All outer and inner containers are to be marked as outlined in GENERAL HANDLING 
PROCEDURES AND REQUIREMENTS, item 2, and conductive magazines/boxes may be used in lieu of conductive bags. 


SPECIFIC HANDLING PROCEDURES FOR STATIC-SENSITIVE ITEMS 


Stockroom Operations | 


l. 


Z 


Containers of static-sensitive items are not to be accepted into stock unless adequately identified as containing 
static-sensitive items. 

Items may be removed from the protective container (magazine/bag, etc.) for the purpose of subdividing for 
order issue only by a properly grounded operator at an approved static-free station as defined in FACILITIES 
FOR and PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 


. All subdivided lots must be carefully repackaged in protective containers (magazine/bag, etc.) prior to removal 


from the static-free work station and labeled to indicate that the package(s) contain static-sensitive items. If it 
is suspected that a static-sensitive item is not adequately protected, do not transfer it to another container, return 
it to the originator for disposition unless the originator is a Customer. In that case, the QC Engineer should 
contact the Customer and negotiate an appropriate disposition. 


. It is the responsibility of the Stockroom Supervisor to ensure that all personnel assigned to this operation are 


familiar with handling procedures as outlined in this specification. A copy of this specification is to be posted 
in the vicinity so that it is accessible to the operators. Stock handlers and all others who might have occasion 
to move stock are to be instructed to avoid direct contact with unprotected static-sensitive items. 


Module and Subassembly Operations 


1. 


2. 


Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless received 
in approved static-protective packaging, and properly labeled to indicate that its contents are static sensitive. 
All single station, progressive line manual assembly operators, and visual inspectors prior to wave soldering 
operations are to be properly grounded with a grounding wrist strap when handling static-sensitive items. 


. Progressive lines used as single stations where operators will be working on a mix of boards, both static-sensitive 


and nonstatic-sensitive, will require that all operators working on the line be properly grounded. This is necessary 
to accommodate the sliding of static-sensitive boards along the assembly bench or across positions not engaged 
in the assembly of this type board. 


. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 


familiar with this procedure and fully aware of the damage or degradation of these units in the event of 
noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static- 
free stations are in proper working order and to ensure that operators are wearing grounding wrist straps properly 
(snugly in contact with bare skin). 


=_ 
GO 
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Soldering and Lead-Forming Operations 


| & 


All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to ensure 
that they are at the same ground potential as the grounded operators working on their stations. No machine 
surfaces exposed to static-sensitive items are to be above the ground potential. 

All processing equipment shall be grounded, including all loading and unloading stations, that is, the stations 
before and after each piece of processing equipment. 

All nonmetallic, static-generating components in the handling systems shall be treated to ensure protection from 
static. 

All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 
Operators are to be properly grounded with a grounding wrist strap during any handling, loading, unloading, 
inspection, rework, or proximity to static-sensitive items. 

Unloading operators working at a grounded station shall place static-sensitive items into approved static-protective 
bags or containers. 

All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. Operators 
are to wear grounding wrist straps when working on static-sensitive items. Only grounded-tip soldering/desoldering 
irons are allowed when working on static-sensitive items. 

It is the responsibility of the Area Spervisor to ensure that all personnel handling static-sensitive items are familiar 
with this procedure and fully aware of the damage or degradation of these units in the event of noncompliance. 
A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free stations are 
in proper working order and to ensure that operators are wearing grounding wrist straps properly (comfortably 
snug in contact with bare skin). 


Electrical Testing Operations 


F 


2 
3 


o) 


All electrical test stations shall be static protected. Operators shall be properly grounded when working on these 
items. 

Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 

Devices should be in an antistatic/conductive environment except at the moment when actually under test. 
Devices should not be inserted into or removed from circuits or tester with the power on or with signals applied 
to inputs to prevent transient voltages from causing permanent damage. 

All unused input leads should be biased if possible. 

Device or module repairs must be performed at static-free stations with the operator attached to a grounding 
wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items. 
Static-sensitive items shall be handled through all electrical inspections in static protective containers. Removal 
of the items from the protective containers shall be done at a static-free work station as discussed in 
PREPARATION FOR WORKING AT A STATIC-FREE WORK STATION. The units must be returned 
to the containers before leaving the station. 

All such items shall be shipped with an ESD warning label affixed as listed. 

It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 


Packing Operations 
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Static-sensitive items are not to be accepted into the packing area unless they are contained in a static-protected 
bag or conductive container. 

A static-sensitive item delivered to the packer within an approved container or bag and found to be in order 
regarding identification shall be packed in the standard shipping carton or other regular packaging material. 
Containers are to be labeled in accordance with GENERAL HANDLING PROCEDURES AND 
REQUIREMENTS, item 2. 

Any void-fillers shall be made of an approved antistatic material. 


Burn-In Operations 


1. Burn-in board loading and unloading of static-sensitive items shall be done at a static-free station. 

2. Shorting clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into the 
board sockets. The clip/connector shall be taken off just prior to plugging the board into the oven connector. 
The clip/connector shall be installed immediately upon removal of the board from the oven connector. 
Installation and removal of the clip/connector shall be done by a properly grounded operator. 

3. All automatic or semiautomatic loading and unloading equipment shall be properly electrically grounded. 

4. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 


CUSTOMER RETURNED ITEM HANDLING PROCEDURE 


Receipt of ESDS-labeled items is to be done at a static-free work station and handled in accordance with applicable sections 
within this guideline. 


QUALITY CONTROL PROVISIONS 


Sampling 


Each manufacturing, stockroom, and testing operation handling ESDS devices will be audited a minimum of once each 
quarter for compliance with all terms of this specification by the responsible process control or QRA organization. Ground 
continuity and the presence of uncontrolled static voltages are considered critical and shall be checked more frequently as 


specified below. 
Ground Continuity (minimum of once a week). 


Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. The 
presence of a 1 MQ +10% resistor in the ground connections between both the operator wrist straps to the work surface 
and the work surface to ground connector must be verified. 


Grounded Conditions (minimum of once a week). 
A visual inspection shall be made to determine full compliance with this specification at static-free work stations during 


handling of static-sensitive items, including operator being grounded as required, static-sensitive items not being handled 
in unprotected or unauthorized areas, and no static-generating materials at the grounded work station. 


Sleeve Protectors (minimum of once a week). 


A visual check shall be made to determine that each operator wearing loose-fitting or long-sleeved clothing either has 
sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist. 


Static Voltage Levels (minimum of once a week). 


In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check for 
- uncontrolled electrostatic voltages at or near electrostatic-controlled work stations. : 


Conductive Floor Tiles (minimum of once a month). 


Conductive floors must have a resistance of not less than 25 kQ from any point on the tile to earth ground. Also, resistance 
from any point-to-point on the tile floor 3 feet apart shall be not less than 25 kQ. The test methods to be used are 
ASTM-F-150-72 and NFPA 56. 
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Records 

Written records must be kept of all these QC audits. 
TRAINING 

Training is applicable for all areas where individuals come in contact with ESDS (category A) devices. It is the responsibility 
of each Area Supervisor to make sure that his/her people receive ESD training initially and every 12 months thereafter to 


maintain proficiency. Training should include static fundamentals, a review of applicable parts of this specification, and actual 
applications in the work area. 
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P.O. Box 695 

Montevideo, Uruguay 

Tel: 598/907-944 


VENEZUELA 

Logibyte de Venezuela 

Apdo. Los Chaguaramos 47776 
Av. Ciudad Universitaria 

Edif. Los Moriches 

Caracas 1041-A, Venezuela 
Tel: 582/662-1980 


Pedro Benavides 

Avilanes a Rio 

Residencia Kamarata Local 4 
Apdo. Postal 20249 

Caracas 1020-A, Venezuela 
Tel: 582/572-4908 


tS at 


TI Sales Offices 


BELGIQUE/BELGIE 
’ §.A. Texas Instruments Belgium N.V. 
11, Avenue Jules Bordetlaan 11, 
1140 Bruxelles/Brussel 
Tel : (02) 242 30 80 
Telex : 61161 TEXBEL 


DANMARK 

Texas Instruments A/S 
Marielundvej 46E 

2730 Herlev 

Tel : 02 91 74 00 
Telefax : 02 91 84 00 
Telex : 35123 TEXIN 


DEUTSCHLAND 

Texas Instruments 
Deutschland GmbH. 
Haggertystrafe 1 

8050 Freising 

Tel : 0 81 61/80-0 od. Nbst 
Telex : 5 26 529 texin d 
Btx : *280505 # 


Kurfirstendamm 195-196 
1000 Berlin 15 

Tel : 030/8 82 73 65 
Telex : 5 26 529 texin d 


Dusseldorfer Strafke 40 
6236 Eschborn 1 

Tel : 06196/80 70 

Telex : 5 26 529 texin d 


Ill. Hagen 43/Kibbelstraf§e 19 
4300 Essen 1 

Tel : 0201/24 25-0 

Telex 5 26 529 texin d 


Kirchhorster Strafe 2 
3000 Hannover 51 

Tel : 0511/64 80 21 
Telex : 5 26 529 texin d 


Maybachstrafse II 

7302 Ostfildern 2 (Nellingen) 
Tel. 0711/34 03-0 

Telex 5 26 529 texin d 


EIRE 
Texas Instruments Ireland Ltd 
7/8 Harcourt Street 


: (01) 78 16 77 
alex : 32626 


ESPANA 

Texas Instruments Espana S.A. 
C/José Lazaro Galdiano No. 6 
28036 Madrid 

Tel : (1) 458 14 58 

Telex : 23634 

Fax : (1) 457 94 04 


C/Diputacion, 279-3-5 
08007 Barcelona 

Tel : (3) 317 91 80 
Telex : 50436 

Fax : (3) 301 84 61 


FRANCE 
Texas Instruments France 
8-10 Avenue Morane Saulnier - B.P. 67 
78141 Vélizy Villacoublay cedex 
Tel : Standard : (1) 30 70 10 03 

Service Technique : (1) 30 70 11 33 
Telex : 698707 F 


HOLLAND 

Texas Instruments Holland B.V. 
Hogehilweg 19 

Postbus 12995 

1100 AZ Amsterdam-Zuidoost 
Tel : (020) 5602911 

Telex : 12196 


Copyright © 1988, Texas Instruments 


MAY 25TH 1988 


ITALIA 

Texas Instruments Italia S.p.A. 
Divisione Semiconduttori 

Viale Europa, 40 

20093 Cologno Monzese (Milano) 
Tel : (02) 25300 1 

Telex : 332633 MITEX I 


Via Castello della Magliana, 38 
00148 Roma 

Tel. (06) 5222651 

Telex 610587 ROTEX I 
Telefax 5220447 


Via Amendola, 17 
40100 Bologna 
Tel. (051) 554004 


NORGE 

Texas Instruments Norge A/S 
PB 106 

Refstad (Sinsenveien 53) 

0585 Oslo 5 

Tel : (02) 155090 


OSTERREICH 

Texas Instruments Ges.m.b.H. 
Hietzinger Kai 101-105 

A-1130 Wien 

Tel : 0222/9100-0 

Telex : 136 796 


PORTUGAL 

Texas Instruments Equipamento 
Electronico (Portugal) LDA. 

R. Eng. Frederico Ulrich, 2650 
Moreira Da Maia 

4470 Maia 

Tel : (2) 948 1003 

Telex : 22485 


SCHWEIZ/SUISSE 

Texas Instruments Swithetladed AG 
Riedstrawe 6 

CH-8953 Dietikon 

Tel : (01) 740 22 20 

Telex : 825 260 TEXIN 


SUOMI FINLAND 
Texas Instruments OY 
Ahertajantie 3 

P.O. Box 81, 

0201 Espoo 

Tel : (90) 0-461-422 
Telex : 121457 


SVERIGE 

Texas Instruments 

International Trade Corporation 
(Sverigefilialen) 


x ’ 
S-163 93 Stockholm 
Visit address : Isafjordsgatan 7, Kista 
Tel : (08) 793 91 70 
Telefax : (08) 751 97 15 
Telex : 10377 SVENTEX S 


UNITED KINGDOM 
Texas Instruments Ltd. 
Manton Lane, 

Bedford, 

England, MK41 7PA 
Tel : (0234) 270 111 
Telex : 82178 


Technical Enquiry Service 
Tel : (0234) 223000 
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TI Regional 
Technology Centres 


DEUTSCHLAND 
Texas Instruments 
Deutschland GmbH. 
Haggertystrafe 1 
8050 Freising 

Tel : (08161) 80 40 43 


Frankfurt/Main 
Diisseldorfer Strafe 40 
6236 Eschborn 

Tel : (0 61 96) 80 74 18 


Kirchhorster Strafe 2 
3000 Hannover 51 
Tel : (0511) 64 80 21 


Maybachstrafte 11 

7302 Ostfildern 2 (Nellingen) 
Stuttgart 

Tel : (0711) 34 03-0 


FRANCE 
Centre de Technologie 
Texas Instruments France 
8-10 Avenue Morane Saulnier, B.P. 67 
78141 Vélizy Villacoublay cedex 
Tel : Standard : (1) 30 70 10 03 
Service Technique : (1) 30 70 11 33 
Telex : 698707 F 


Texas Instruments France 
B. P. 5 

06270 Villeneuve-Loubet 
Tel : 93 22 20 01 

Telex : 470127 F 


HOLLAND 

Texas Instruments Holland B.V. 
Hogehilweg 19 

Postbus 12995 

1100 AZ Amsterdam-Zuidoost 

Tel : (020) 5602911 

Telex : 12196 


ITALIA 

Texas Instruments Italia S.p.A. 
Divisione Semiconduttori 

Viale Europa, 40 

20093 Cologno Monzese (Milano) 
Tel : (02) 25300 I 

Telex : 332633 MITEX I 


SVERIGE 

Texas Instruments 

International Trade Corporation 
(Sverigefilialen) 

Box 30 

S-163 93 Stockholm 

Visit address : Isafjordsgatan 7, Kista 
Tel : (08) 793 91 70 

Telefax : (08) 751 97 15 

Telex : 10377 SVENTEX 


UNITED KINGDOM 
Texas Instruments Ltd. 
Regional Technology Centre 
Manton Lane, 

Bedford, 

England, MK41 7PA 

Tel : (0234) 270 111 

Telex : 82178 


Technical Enquiry Service 
Tel : (0234) 223000 


S/C.REV.20 


REFERENCE 


TI Sales Offices 


ALABAMA: Huntsville (205) 837-7530. 


ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 624-3276. 


CALIFORNIA: Irvine (714) 660-1200; 
Sacramento (916) 929-0197; 

San Dees (619) 278-9600; 

Santa Clara (408) 980-9000; 
Torrance (213) 217-7000; 

Woodland Hills (818) 704-7759. 


COLORADO: Aurora (303) 368-8000. 
CONNECTICUT: Wallingford (203) 269-0074. 


FLORIDA: Altamonte Springs (305) 260-2116; 
Ft. Lauderdale (305) 973-8502; 
Tampa (813) 286-0420. 


GEORGIA: Norcross (404) 662-7900. 
ILLINOIS: Arlington Heights (312) 640-3000. 


INDIANA: Carmel (317) 573-6400; 
Ft. Wayne (219) 424-5174. 


IOWA: Cedar Rapids (319) 395-9550. 
KANSAS: Overland Park (913) 451-4511. 
MARYLAND: Baltimore (301) 944-8600. 
MASSACHUSETTS: Waltham (617) 895-9100. 


MICHIGAN: Farmington Hills (313) 553-1500; 
Grand Rapids (616) 957-4200. 


MINNESOTA: Eden Prairle (612) 828-9300. 
MISSOURI: St. Louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 


NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; Pittsford (716) 385-6770; 
Poughkeepsie (914) 473-2900. 


NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876-2725. 


OHIO: Beachwood (216) 464-6100; 
Dayton (513) 258-3877. 


OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA; Blue Bell (215) 825-9500. 
: PUERTO RICO: Hato Rey (809) 753-8700. 

TENNESSEE: Johnson City (615) 461-2192. 


TEXAS: Austin (512) 250-6769; 
Houston ot 778-6592; Richardson (214) 680-5082; 
. San Antonio (512) 496-1779. 


UTAH: Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400. 
WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 782-2899. 


CANADA: Sa yo Ontario (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine (714) 660-8140; 
Santa Clara (408) 748-2220; 
Torrance (213) 217-7019. 


COLORADO: Aurora (303) 368-8000. 
GEORGIA: Norcross (404) 662-7945. 
ILLINOIS Arlington Heights (313) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9196. 
TEXAS: Richardson (214) 680-5066. 
CANADA: Nepean, Ontario (613) 726-1970. 


TI Distributors 


Ti AUTHORIZED DISTRIBUTORS 
Arrow/Kierulff Electronics Group 
Arrow Canada (Canada) 

Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 

Marshall Industries 

Newark Electronics 

Schweber Electronics 

Time Electronics 

Wyle Laboratories 

Zeus Components 


— OBSOLETE PRODUCT ONLY -— 
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462-9332 


ALABAMA: Arrow/Kierulff (205) 837-6955; 
Hall-Mark (205) 837-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 


ARIZONA: Arrow/Kierulff (602) 437-0750; 
Hall-Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 997-4874; Wyle (602) 866-2888. 


CALIFORNIA: Los Angeles/Orange County: 
Arrow/Kierulff (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 716-7300, (714) 669-4100 


(213) 217-8400; Marshall (818) 407-0101, (818) 459-5500, 


(714) 458-5395; Schweber (818) 999-4702; 

(714) 863-0200, (213) 320-8090; Wyle (213) 322-9953, 
818) 880-9000, (714) 863-9953; Zeus (714) 921-9000; 
acramento: Hall-Mark (916) 722-8600; 

Marshall (916) 635-9700; Schweber (916) 929-9732; 

Wyle (916) 638-5282; 

San Diego: Arrow/Kierulff (619) 565-4800; 

Hall-Mark (619) 268-1201; Marshall (619) 578-9600; 

Schweber (619) 450-0454; Wyle (619) 565-9171; 

San Francisco Bay Area: Arrow/Kierulff (408) 745-6600, 

Hall-Mark (408) 432-0900; Marshall (408) 942-4600; 

Schweber (408) 432-7171; Wyle (408) 727-2500; 

Zeus (408) 998-5121. 


COLORADO: Arrow/Kierulff (303) 790-4444; 
Hall-Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 


CONNETICUT: Arrow/Kierulff (203) 265-7741; 
Hall-Mark (203) 269-0100; Marshall (203) 265-3822; 
Schweber (203) 748-7080. 


FLORIDA: Ft. Lauderdale: 

Arrow/Kierulff (305) 429-8200; Hall-Mark (305) 971-9280; 
Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow/Kierulff (305) 725-1480, (305) 682-6923; 
Hall-Mark (305) 855-4020; Marshall (305) 767-8585; 
Schweber (305) 331-7555; Zeus (305) 365-3000; 

Tampa: Hall-Mark (813) 530-4543; 

Marshall (813) 576-1399. 


GEORGIA: Arrow/Kierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 


ILLINOIS: Arrow/Kieruilff (312) 250-0500; 
Hall-Mark (312) 860-3800; Marshall (312) 490-0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 


INDIANA: Indianapolis: Arrow/Kierulff (317) 243-9353; 
Hall-Mark (317) 872-8875; Marshall (317) 297-0483. 


IOWA: Arrow/Kierulff (319) 395-7230; 
Schweber (319) 373-1417. 


KANSAS: Kansas City: Arrow/Kierulff (913) 541-9542: 
Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2922. 


MARYLAND: Arrow/Kierulff (301) 995-6002; 
Hall-Mark (301) 988-9800; Marshall (301) 840-9450; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 


ti 
TEXAS 
INSTRUMENTS 


MASSACHUSETTS Arrow/Kierulff (617) 935-5134; 
Hall-Mark (617) 667-0902; Marshall (617) 658-0810; 
Schweber (617) 275-5100, (617) 657-0760; 
Time (617) 532-6200; Zeus (617) 863-8800. 


MICHIGAN: Detroit: Arrow/Kierulff (313) 971-8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Schweber (313) 525-8100; 

Grand Rapids: Arrow/Kierulff (616) 243-0912. 


MINNESOTA: Arrow/Kierulff (612) 830-1800; 
Hall-Mark (612) 941-2600; Marshall (612) 559-2211; 
Schweber (612) 941-5280. 


MISSOURI: St. Louis: Arrow/Kierulff (314) 567-6888; 
Hall-Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 


NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968; 
Schweber (603) 625-2250. 


NEW JERSEY: Arrow/Kierulff (201) 538-0900, 
(609) 596-8000; GRS Electronics (609) 964-8560; 
Hall-Mark (201) 575-4415, (609) 235-1900; 
Marshall (201) 882-0320, (609) 234-9100; 
Schweber (201) 227-7880. 


NEW MEXICO: Arrow/Kierulff (505) 243-4566. 


NEW YORK: Li Island: 

Arrow/Kierulff (516) 231-1000; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Schweber (516) 334-7555; 
Zeus (914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; 

Hall-Mark (716) 244-9290; Marshall-(716) 235-7620; 
Schweber (716) 424-2222; 

Syracuse: Marshall (607) 798-1611. 


NORTH CAROLINA: Arrow/Kierulff (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Marshall (919) 878-9882; Schweber (919) 876-0000. 


OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464-2970; 

Columbus: Arrow/Kierulff (614) 436-0928; 
Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; 

Marshall (513) 898-4480; Schweber (513) 439-1800. 


OKLAHOMA: Arrow/Kierulff (918) 252-7537; 
Schweber (918) 622-8003. 


OREGON: Arrow/Kierulff (503) 645-6456; 
Marshall (503) 644-5050; Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow/Kierulff (412) 856-7000, 
215) 928-1800; GRS Electronics (215) 922-7037; 
hweber (215) 441-0600, (412) 963-6804. 


TEXAS: Austin: Arrow/Kierulff ay 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle (512) 834-9957; 
Dallas: Arrow/Kierulff (214) 380-6464; 

Hall-Mark (214) 553-4300; Marshall (214) 233-5200; 
Schweber (214) 661-5010; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

Houston: Arrow/Kierulff (713) 530-4700; 

Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (713) 784-3600; Wyle (713) 879-9953. 


UTAH: Arrow/Kierulff (801) 973-6913; 
Hall-Mark (801) 972-1008; Marshall (801) 485-1551; 
Wyle (801) 974-9953. 


WASHINGTON: Arrow/Kierulff (206) 575-4420; 
Marshall (206) 747-9100; Wyle (206) 453-8300. 


WISCONSIN: Arrow/Kierulff (414) 792-0150; 
Hall-Mark (414) 797-7844; Marshall (414) 797-8400; 
Schweber (414) 784-9020. 


CANADA: Calgary: Future (03) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 

Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 

Quebec City: Arrow Canada (418) 687-4231; 
Toronto: Arrow Canada (416) 672-7769; 
Future (416) 638-4771; 

Vancouver: Future (604) 294-1166; 
Winnipeg: Future (204) 339-0554. 


Customer 
Response Center 


TOLL FREE: (800) 232-3200 


OUTSIDE USA: (214) 995-6611 
(8:00 a.m. — 5:00 p.m. CST) 
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